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dispersion at 15 % solids which are greater than 0.5 micron; c) a filterability such that when in a liquid medium, 300 ml having 10 % 
^ solids of the colored pigment filters through a 3 micron nylon absolute filter; d) a colored pigment purity of greater than about 80 %, 
2 based on extractable material; and/or e) a stability such that the above-described properties do not change by more than 50 % at 25 
^2 degrees C for at least one week. Colored pigments having at least one organic group and having one or more of the above-described 
]Zj characteristics is also described as well as a process for preparing suface-modifxed colored pigments. The process involves combining 

at least one treating agent and at least one type of colored pigment(s) in a container to form a mixture and subjecting the mixture 
Q to high shearing and introducing at least one diazotizing agent to the mixture at least for a portion of time while the high shearing 
£^ is taking place, and preferably during the entire time that high shearing is taking place, such that a reaction product is formed and 

contains surface-modified colored pigment(s). 
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INK JET INKS, INKS, AND OTHER COMPOSITIONS 
CONTAINING COLORED PIGMENTS 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to colored pigments and aqueous and non-aqueous 
compositions containing the same. The present invention further relates to methods of 
preparing colored pigments and their use in a variety of applications, including inks, such as 
Inkjet inks and the like, 

1 0 The use of colored pigments in the industry has gained wide acceptance in a number 

of applications. Generally, the particle size of available colored pigments has hindered 
efforts to improve products containing colored pigments. Currently, the only satisfactory 
way to make colored pigments having small particle sizes has been with the use of a 
dispersant, such as surfactants and polymeric resins. However, while the colored pigments 

15 having the small particle sizes can be made, these colored particles are only stable with the 
aid of the dispersant, and if the dispersant is substantially removed, the colored pigments will 
agglomerate and thus lose their small particle size. The need for the dispersant to be always 
present has, however, prevented or hindered the use of colored pigments in many 
applications, since the presence of the dispersant must be taken into account when 

2 0 formulating compositions, such as inks. Other problems associated with the use of dispersant 

include: dispersants can be incompatible with other ink components, the dispersants must be 
used in large quantities, and the inks with surfactants generally has low surface tension. 

Also, aqueous systems are increasingly being used in many applications such as 
automotive and industrial coatings, paints, papers, inks, toners, adhesives, latexes, etc. as 
25 manufacturers face increased pressure to replace conventional solvent based systems. Such 
aqueous systems are known and generally contain a colorant, such as a dye, which is soluble 
in the aqueous vehicle, such as water or a mixture of water and a water-soluble or water- 
miscible organic solvent. 

Although dye-based compositions are readily utilized, dyes have several 

3 0 disadvantages when used in aqueous ink systems. For example, dyes, being water-soluble in 

a water/organic mixture, may dissolve and run when exposed to moisture or water. Dye 
images may further smear or rub off on contact with felt pen markers or upon being rubbed 
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or touched by a finger. Dyes also exhibit poor light stability when exposed to visible or 
ultraviolet light. 

Pigments are also known as colorants in aqueous compositions but have not received 
a wide degree of acceptance in aqueous systems, such as ink jet inks, because of problems 
5 associated with the performance and reliability of the composition, i.e., print properties, 
stability, latency, and the like. Examples of such pigments include carbon black, titanium 
dioxide white, cobalt blue (CoO-Al 2 0 3 ), phthalocyanine blue, phthalocyanine green, and 
chrome yellow (PbCr0 4 ). 

U. S. Patent No. 5,837,045, to Johnson et al. describes novel surface-modified 

10 colored pigments and aqueous compositions containing such surface-modified colored 
pigments. Although such surface-modified colored pigments are a considerable 
improvement over dye-based or traditional pigment systems (i.e. pigments requiring 
stabilization with polymer or surfactant compositions), a continuing need exists for improved 
surface-modified colored pigments and processes for making the same, as well as aqueous or 

15 solvent based compositions containing such surface-modified colored pigments, especially 
for use in ink compositions which require long term colloidal stability and lightfastness. It is 
also desirable to produce improved aqueous ink compositions which exhibit improved 
latency and recoverability in their respective printing systems while providing good print 
properties. A further need exists for improved colored pigments and ink compositions which 

2 0 contain the colored pigments. 

SUMMARY OF THE INVENTION 

The present invention relates to colored pigments having one or more desired 
25 parameters and/or properties without the addition of dispersants. These parameters and/or 
properties include: 

a particle size distribution of from about 10 nm to about 300 nm; 

an accusizer number of less than 10 10 particle/ml of dispersion (at 15% solids) which 
are greater than 0.5 micron; 

3 0 a filterability such that when in a liquid medium, 100 ml with 10% solids of the 

colored pigment filters through a 3 micron nylon absolute filter; 
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a colored pigment purity of greater than about 80%, based on extractable material; 

and/or 

a stability such that the above-described properties do not change by more than 50 % 
at 25 degrees C for 1 week. 
5 The above-described colored pigment is preferably in an aqueous or non-aqueous 

media having no external dispersant present. 

The present invention further relates to a colored pigment having attached at least 
one organic group and having one or more of the above-described characteristics. 

In addition, the present invention relates to a process for preparing surface-modified 
1 0 colored pigments. The process involves combining at least one treating agent and at least 
one type of colored pigment in a container to form a mixture and subjecting the mixture to 
high shearing and introducing at least one diazotizing agent to the mixture at least for a 
portion of time while the high shearing is taking place, and preferably while the entire high 
shearing is taking place, such that a reaction product is formed and contains surface-modified 
1 5 colored pigment(s). The treating agent has an organic group which comprises at least one 
diazotizable group. In a preferred embodiment, the diazotizable group comprises a) at least 
one aromatic group, at least one C,-C 20 alkyl group, or mixtures thereof; and b) at least one 
ionic group, ionizable group, nonionic group, or mixtures thereof. Preferably, in this 
process, the product yield results in from about 30% to about 100% of the colored pigment 
2 0 having a particle size of from about 10 nm to about 300 nm. 

The present invention is further directed to a process for preparing ink compositions 
incorporating the colored pigments described above. 

The colored pigments prepared by the process of the present invention may be used 
in aqueous or solvent based compositions containing conventional pigments. Such 
2 5 compositions include, for example, automotive and industrial coatings, paints, papers, toners, 
inks (particularly, ink jet ink compositions), adhesives, latexes, textiles and fibers. The 
colored pigments may be tailored to provide compatibility with the particular aqueous or 
solvent based system and provide easier, more complete dispersion, improved colloidal 
stability and greater color intensity and shades. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention relates to colored pigments having one or more desired 
characteristics and methods of making these colored pigments, as well as their use in a 
5 variety of applications. The colored pigments of the present invention can be characterized 
such that the colored pigments have at least one of the following characteristics wherein an 
aqueous or non-aqueous media: 

a) a particle size distribution of from about 1 0 nm to about 300 nm; 

b) an accusizer number of less than 1 0 10 particle/ml of dispersion (at 1 5% solids) 
1 0 which are greater than 0.5 micron; 

c) a filterability such that when in a liquid medium, 100 ml with 10% solids of 
the colored pigment filters through a 3 micron nylon absolute filter; 

d) a colored pigment purity of greater than about 80%, based on extractable 
material; and/or 

15 e) a stability such that the above-described properties do not change by more 

than 50 % at 25 degrees C. 

The above-described colored pigment preferably has one or more of the above 
characteristics when present in an aqueous or non-aqueous media having no added external 
dispersant present. 

20 The pigment can be, but is not limited to, pigments traditionally used in ink 

compositions (including inkjet ink compositions), coating compositions (including paint 
formulations), liquid and solid toners, films, plastics, rubbers, and the like. Examples 
include, but are not limited to, black pigments (e.g., carbon products like carbon black) 
and other colored pigments (e.g., polymeric and organic pigments). Preferably, the colored 

2 5 pigments of the present invention are colors other than black. 

The desired colored pigment may be chosen from a wide range of conventional 
colored pigments. The colored pigment can be blue, black, brown, cyan, green, white, 
violet, magenta, red, yellow, as well as mixtures thereof. Suitable classes of colored 
pigments include, for example, anthraquinones, phthalocyanine blues, phthalocyanine 

3 0 greens, diazos, monoazos, pyranthrones, perylenes, heterocyclic yellows, quinacridones, and 

(thio)indigoids. Representative examples of phthalocyanine blues include copper 
phthalocyanine blue and derivatives thereof (Pigment Blue 15). Representative examples of 
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quinacridones include Pigment Orange 48, Pigment Orange 49, Pigment Red 122, Pigment 
Red 192, Pigment Red 202, Pigment Red 206, Pigment Red 207, Pigment Red 209, Pigment 
Violet 19 and Pigment Violet 42. Representative examples of anthraquinones include 
Pigment Red 43, Pigment Red 194 (Perinone Red), Pigment Red 216 (Brominated 
5 Pyanthrone Red) and Pigment Red 226 (Pyranthrone Red). Representative examples of 
perylenes include Pigment Red 123 (Vermillion), Pigment Red 149 (Scarlet), Pigment Red 
179 (Maroon), Pigment Red 190 (Red), Pigment Violet 19, Pigment Red 189 (Yellow Shade 
Red) and Pigment Red 224. Representative examples of thioindigoids include Pigment Red 
86, Pigment Red 87, Pigment Red 88, Pigment Red 181, Pigment Red 198, Pigment Violet 

10 36, and Pigment Violet 38. Representative examples of heterocyclic yellows include 
Pigment Yellow 1, Pigment Yellow 3, Pigment Yellow 12, Pigment Yellow 13, Pigment 
Yellow 14, Pigment Yellow 17, Pigment Yellow 65, Pigment Yellow 73, Pigment Yellow 
74, Pigment Yellow 151, Pigment Yellow 117, Pigment Yellow 128 and Pigment Yellow 
138. Such pigments are commercially available in either powder or press cake form from a 

1 5 number of sources including, BASF Corporation, Engelhard Corporation and Sun Chemical 
Corporation. Examples of other suitable colored pigments are described in the Colour Index, 
3rd edition (The Society of Dyers and Colourists, 1982). The color pigment will typically 
have a wide range of BET surface areas, as measured by nitrogen adsorption. 

With respect to the above-described characteristics, the colored pigments of the 

20 present invention have at least one of the characteristics, and more preferably, have at least 
two of the characteristics, and even more preferably have at least three, four, or five of the 
characteristics, and most preferably have all of the characteristics. 

With respect to the particle size of the colored pigments, the particle size distribution 
is based on the mean volume diameter of the pigment particles as measured by the dynamic 

25 light scattering method. The particle size distribution range of the colored pigments of the 
present invention is from about 10 nm to about 300 nm, and preferably is from about 10 ran 
to about 200 nm, more preferably is from about 20 nm to about 150 nm, and most preferably 
is from about 50 nm to about 100 nm. 

With respect to the accusizer number, this number is a measurement of the number of 

3 0 particles having a certain size or greater in a dispersion at a certain % of solids. In the present 
invention, the colored pigments of the present invention, when in a dispersion or liquid 
medium, have an accusizer number of less than 10 10 particle/ml dispersion which are greater 
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than 0.5 micron with a dispersion having 15% solids. Preferably, the accusizer number is 
10 9 , and more preferably is 10 8 or less. 

With respect to filterability of the colored pigments of the present invention, the 
colored pigments, when in 100 ml dispersion having 10% solids, filter completely through a 
5 3 micron nylon absolute filter. More preferably, the same dispersion completely filters 
through a 1 to 2 micron nylon absolute filter. 

The purity level of the colored pigments is preferably at least about 80% and more 
preferably is from about 85% to about 100%, and most preferably is from about 90% to 
about 100%. The purity level is based on the amount of material by weight that is non- 
10 extractable. The purity level reflects the amount of colored pigment present without 
impurities including non-pigment material. For purposes of the present invention, a 
dispersant is considered extractable material. The purity level of the colored pigments is 
preferably based on colored pigments having a particle size range of from about 10 nm to 
about 200 nm. 

15 The colored pigments of the present invention can also be characterized by their 

stability. In particular, the colored pigments are stable such that the above-described 
characteristics do not change more than 50 %, and more preferably do not change by more 
than 20%, and most preferably do not change by more than 10% at 25 degrees C for 1 week 
and more preferably for 1 month. 

2 0 As stated earlier, the colored pigments of the present invention have one or more of 

the above-described characteristics. 

Using the preferred process to make the colored pigment of the present invention, a 
product yield of from about 30% to about 100% of the colored pigments of the present 
invention can be obtained which preferably have a particle size of about 100 nm. More 
25 preferably, from about 50% to about 100%, and most preferably from about 70% to about 
100% of the colored pigments of the present invention have a particle size of about 100 nm. 
The preferred process to make the colored pigments has the ability to yield colored pigments 
having large percentages of certain particle sizes, which is highly desired. 

The colored pigment(s) of the present invention is preferably a colored pigment 

3 0 having attached at least one organic group and having one or more of the above-described 

characteristics. The organic group contains a) at least one aromatic group, at least one C r C 20 
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alkyl group, or mixtures thereof; and preferably further contains b) at least one ionic group, 
ionizable group, nonionic group, or mixtures thereof. 

At least one aromatic group includes, but is not limited to, unsaturated cyclic 
hydrocarbons containing one or more rings and may be substituted or unsubstituted, for 
5 example with alkyl groups. Aromatic groups include aryl groups (for example, phenyl, 
naphthyl, anthracenyl, and the like) and heteroaryl groups (for example, imidazolyl, 
pyrazolyl, pyridinyl, thienyl, thiazolyl, furyl, triazinyl, indolyl, and the like). At least one C r 
Co alkyl group may be branched or unbranched, substituted or unsubstituted. 

A preferred set of organic groups which may be used are organic groups substituted 
1 0 with an ionic group, an ionizable group or an nonionic group as a functional group. An 
ionizable group is one capable of forming an ionic group in the medium of use. The ionic 
group may be an anionic group or a cationic group and the ionizable group may form an 
anion or cation. The nonionic group is a group which does not possess or is not capable of 
possessing a charge. 

15 Ionizable functional groups forming anions or anionic groups include, for example, 

acidic groups or salts of acidic groups. The organic groups, therefore, include groups 
derived from organic acids. Preferably, when an organic group contains an ionizable group 
forming an anion, such an organic group has a) an aromatic group or a C r C 2D alkyl group 
and b) at least one acidic group having a pK, of less than 1 1, or at least one salt of an acidic 

2 0 group having a pK, of less than 1 1, or a mixture of at least one acidic group having a pK> of 

less than 1 1 and at least one salt of an acidic group having a pK, of less than 1 1. The pIC, of 
the acidic group refers to the pK, of the organic group as a whole, not just the acidic 
substituent. More preferably, the pK, is less than 10 and most preferably less than 9. 
Preferably, the aromatic group of the organic group is directly attached to the colored 
25 pigment. The aromatic group may be further substituted or unsubstituted, for example, with 
alkyl groups. More preferably, the organic group is a phenyl or a naphthyl group and the 
acidic group is a sulfonic acid group, a sulfinic acid group, a phosphonic acid group, or a 
carboxylic acid group. Most preferably, the organic group is a substituted or unsubstituted 
sulfophenyl group or a salt thereof; a substituted or unsubstituted carboxyphenyl; a 

3 0 substituted or unsubstituted (polysulfo)phenyl group or a salt thereof; a substituted or 

unsubstituted sulfonaphthyl group or a salt thereof; or a substituted or unsubstituted 
(polysulfo)naphthyl group or a salt thereof. 
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Examples of organic groups that are anionic in nature include, but are not limited to, 
-C 6 H 4 -COOX^; -C 6 H 4 -S0 3 -X + ; -C 6 H 4 -(P0 3 )- 2 2X'; -C 6 H 2 -(COOX + ) 3 ; -C 6 H 3 -(COOXl 2 ; - 
(CH 2 ) z -(COOX*) ; -C 6 H 4 -(CH 2 ) z -(COO-X + ), wherein XT is any cation such as Na + , H\ K + , 
NH 4 + , Li\ Ca 2 *, Mg 3+ and the like and z is an integer from 1 to 18. As recognized by those 
5 skilled in the art, X + may be formed in-situ as part of the manufacturing process or may be 
associated with the aromatic or alkyl group through a typical salt swap or ion-exchange 
process. 

Amines represent examples of ionizable functional groups that form cations or 
cationic groups and may be attached to the same groups as discussed above for the ionizable 

10 groups which form anions. For example, amines may be protonated to form ammonium 
groups in acidic media. Preferably, an organic group having an amine substituent has a pKj, 
of less than 5. Quaternary ammonium groups (-NR/), quaternary phosphonium groups (- 
PR/) and sulfonium groups (-SR/) also represent examples of cationic groups. Preferably, 
the organic group contains an aromatic group such as a phenyl or a naphthyl group and a 

15 quaternary ammonium or a quaternary phosphonium or sulfonium group. Quaternized 
cyclic amines, and even quaternized aromatic amines, can also be used as the organic group. 
Thus, N-substituted pyridinium compounds, such as N-methyl-pyridyl, can be used in this 
regard. 

Examples of organic groups that are cationic in nature include, but are not limited to, 

2 0 -C 6 H 4 N(CH 3 ) 3 + Y\ -C 6 H 4 COCH 2 N(CH 3 ) 3 + Y\ -C e H 4 (NQH 5 rY\ -(C 5 H 4 N)C 2 tVY\ - 

(C 3 H 5 N 2 ) + Y- (imidizoles), -(C 7 H 7 N 2 )*Y- (indizoles), -C 6 H 4 COCH 2 (NC 5 H 5 rY-, - 
(C 5 H 4 N)CH 3 + Y\ and -C 6 H 4 CH 2 N(CH 3 ) 3 + Y\ wherein Y" is any halide or an anion such as 
N0 3 \ OH", CH 3 COO" and the like; or combinations thereof. As recognized by those skilled 
in the art, Y" may be formed in-situ as part of the manufacturing process or may be 
25 associated with the aromatic or alkyl group through a typical salt swap or ion-exchange 
process. 

Further examples of representative organic groups are also described in U.S. Patent 
Nos. 5,571,311; 5,630,868; 5,707,432, 5,955,232; 5,922,118; 5,900,029; 5,895,522; 
5,885,335; 5,851,280; 5,837,045; 5,713,988; and 5,803,959; PCT Publication No. WO 

3 0 96/18688; and PCT Publication No. WO 96/18690, all hereby incorporated in their entirety 

by reference herein. 
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Further examples of the ionic or ionizable functional groups include amphiphilic 
counterions which may be cationic or anionic in nature. An amphiphilic counterion is a 
molecule or compound typically described as have a hydrophilic polar "head" and a 
hydrophobic "tail." Representative examples of cationic and anionic amphiphilic 
5 counterions include those set forth and described in U.S. Patent No. 5,698,016 to Adams et 
al., the entire description of which is incorporated herein by reference. 

For purposes of further illustrating the present invention, an amphiphilic counterion 
can be used. The surface-modified colored pigment, as described herein, has a cationic 
functionality (i.e. positive charge) or anionic functionality (negative charge). The charge 

10 preferably is created by the aromatic group or C r C 20 alkyl group of the diazotizable group 
attached to the pigment. If the desired surface-modified colored pigment is anionic in nature, 
then the amphiphilic counterion will be cationic or positive charging. Similarly, if the 
surface-modified colored pigment is cationic in nature, then the amphiphilic counterion will 
be anionic or negative charging. 

1 5 Examples of cationic amphiphilic counterions include, but are not limited to, those 

described ammonium ions that may be formed from adding acids to the following: a fatty 
amine, an ester of an aminoalcohol, an alkylamine, a polymer containing an amine 
functionality, a polyethoxylated amine, a polypropoxylated amine, a polyethoxylated 
polypropoxylated amine, an aniline and derivatives thereof, a fatty alcohol ester of amino 

20 acid, a polyamine N-alkylated with a dialkyl succinate ester, a heterocyclic amine, a 
guanidine derived from a fatty amine, a guanidine derived from an alkylamine, a guanidine 
derived from an arylamine, an amidine derived from a fatty amine, an amidine derived from 
a fatty acid, an amidine derived from an alkylamine, or an amidine derived from an 
arylamine. The pKa of the ammonium ion is preferably greater than the pKa of the 

2 5 protonated form of the aromatic or alkyl group on the pigment. 

Specific examples of cationic amphiphilic ions include dioctylammonium, 
oleylammonium, stearylammonium, dodecylammonium, dimethyldodecylammonium, 
stearylguanidinium, oleylguanidiniurn, soyalkylammonium, cocoalkylammonium, 
oleylammoniumethoxylate, protonated diethanolaminedimyristate, and N- 

30 oleyldimethylammonium. Generally, to form the ammonium ions described above, the 
various compounds described above such as fatty amines, esters of amino alcohols, etc., are 
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reacted with an acid such as carboxylic acid, a mineral acid, an alkyl sulfonic acid, or an aryl 
sulfonic acid. 

Quaternary ammonium salts can also be used as the sources of the cationic 
amphiphilic ion. Examples include, but are not limited to, a fatty alkyl trimethyl 
5 ammonium, a di(fatty alkyl)dimethylammonium, an alkyl trimethyl ammonium, or 1 -alkyl 
pyridinium salt, where the counterion is a halide, methosulfate, sulfonate, a sulfate or the 
like. Also, phosphonium salts, such as tetraphenylphosphonium chloride can be used as the 
sources of the amphiphilic ion. 

Cationic amphiphilic ions for use in the present invention include those represented 
10 by the formula R,N", wherein R is independently hydrogen, C,-C 30 alkyl, C,-C 30 alkenyl, C 7 - 
C 30 aralkyl, and C 7 -C 30 alkaryl. 

Another example of a suitable amphiphilic ion is a polymer containing an 
ammonium ion derived from an amine containing polymer. The amine containing polymer 
can be a copolymer of an amine containing monomer, such as dimethylaminoethyl 
15 methacrylate or -acrylate, or vinylpyridine or vinylimidazole, and another monomer such as 
methyl acrylate, methyl methacrylate, butyl acrylate, styrene, and the like. The polymer may 
also be a ter- or tetra-polymer containing a mixture of an amine containing monomer and 
two or three other amine containing monomers, respectively. Such a polymer may be 
prepared by any means, such as radical (emulsion, suspension, or solution) or anionic 

2 0 polymerization. 

As stated earlier, the amphiphilic counterion can alternatively be an anionic 
amphiphilic counterion. Examples of such anionic amphiphilic ions include, but are not 
limited to, an alkylbenzene sulfonate, an alkyl sulfonate, an alkylsulfate, a sulfosuccinate, a 
sarcosine, an alcohol ethoxylate sulfate, an alcohol ethoxylate sulfonate, an alkyl phosphate, 
25 an alkylethoxylated phosphate, an ethoxylated alkylphenol sulfate, a fatty carboxylate, a 
taurate, an isethionate, an aliphatic carboxylate, or an ion derived from a polymer containing 
an acid group. Sources of specific and preferred examples of anionic amphiphilic ions 
include, but are not limited to, sodium dodecylbenzene sulfonate, a sodium dodecylsulfate, 
Aerosol OT, an oleic acid salt, a ricinoleic acid salt, a myrisitic acid salt, a caproic acid salt, 

3 0 sodium 2-octyldodecanoate, sodium bis(2-ethylhexyl)sulfosuccinate, a sulfonated 

polystyrene, or homo- or copolymers of acrylic acid or methacrylic acid or salts thereof. 
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Generally, the above-identified amphiphilic counterions and related compounds are 
commercially available in salt form or can be routinely made by one of ordinary skill in the 
art. 

Nonionic groups may include, but are not limited to, hydrophilic groups, 
5 hydrophobic groups, alkyl and aryl groups, ethers, polyethers, alky Is, fluorinated alky Is and 
the like. These amphiphilic type groups can be made and attached onto the colored pigment 
following the procedures described in U.S. Patent No. 5,698,016 incorporated in its entirety 
by reference herein. The colored pigments of the present invention can have steric and 
amphiphilic groups as well as described in U.S. Provisional Application No. 60/157,284, 
1 0 incorporated in its entirety by reference herein. 

Other examples of organic groups that can be attached onto the colored pigment 
include the following formulas. In each of the following formulas, -X is attached directly 
to the pigment and -X can be directly attached to the pigment. 

One preferred modified pigment product is a colored pigment having attached at 
15 least one group comprising the formula: 
-X-Sp-[NIon] p R 

wherein X represents an aromatic group or an alkyl group, NIon represents at least one 
non-ionic group, Sp represents a spacer group, R represents hydrogen, an aromatic group, 
or an alkyl group, and p is an integer of from 1 to 500. 

2 0 The aromatic group with respect to the X substituent and/or the R substituent can 

be substituted or unsubstituted and can be, for instance, an aryl or heteroaryl group. The 
aromatic group can be substituted with any group, such as one or more alkyl groups or aryl 
groups. Preferably, the aromatic group is a phenyl, naphthyl, anthracenyl, phenanthrenyl, 
biphenyl, pyridinyl, benzothiadiazolyl, or benzothiazolyl. Examples of the alkyl group 
25 with respect to the X substituent and/or the R substituent include, but are not limited to, 
substituted or unsubstituted alkyl groups which may be branched or unbranched. The 
alkyl group can be substituted with one or more groups, such as aromatic groups. 
Preferred examples of the alkyl group for purposes of the X substituent include, but are not 
limited to, C r C 12 , like methyl, ethyl, propyl, butyl, pentyl, or hexyl groups. In other 

3 0 words, X and/or R can represent a branched or unbranched, substituted or unsubstituted, 

saturated or unsaturated hydrocarbon. Examples of substituted groups include, but are not 
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limited to, an ester group, an amide group, an ether group, a carboxyl group, an aryl group, 
an alkyl group, and the like. 

Sp or the spacer group as used herein is a link between two groups and can be a 
bond, or a chemical group such as, but not limited to, CO.,, 0 3 C SO.,, CO, S0 3 , OSO^, 
5 SO NR", R"NSO^, NHCO, CONR", NR"C0 o O n CNR", NR M CONR", 0,S, NR", SO C H 4 , 
arylene, alkylene, NR"CO, NHCO^, O^CNH, NCHONH, and the like, wherein R", which 

can be the same or different, represents an organic group such as a substituted or 
unsubstituted aryl and/or alkyl group. 

Examples of the non-ionic group include, but are not limited to, groups having no 

1 0 apparent ionic charge, such as polymers of ethylene oxide, propylene oxide, other alkylene 
oxides, carboxylic acid esters, glycols, alcohols, esters, alkanolamine-fatty acid 
condensates, silicones, isocyanates, alkylpyrrolidenes, and alkylpolyglycosides. In non- 
aqueous media, the non-ionic group, in addition to the aforementioned groups, may have 
carboxylates, sulfonates, phosphates, amines, and other groups that typically demonstrate 

15 an ionic nature in water. The non-ionic group is preferably a C,-C, 2 alkyl group, or a C,- 
C l2 alkylene oxide group, p can be 1-25, 26-50, 51-75, 75-100, and/or 101-500, and p 
preferably is 5 to 50. 

The X substituent and/or non-ionic group may be substituted with one or more 
functional groups. The functional group preferably contains a lypophilic group. 
2 0 Examples of functional groups include, but are not limited to, R\ OR', COR', COOR', 
OCOR\ carboxylates, halogens, CN, NR\, S0 3 H, sulfonates, -OS0 3 , NR'(COR'), CONR 1 ,, 
N0 2 , P0 3 H 2 , phosphonates, phosphates, N=NR\ SOR\ NS0 2 R\ wherein R' which can be 
the same or different, is independently hydrogen, branched or unbranched C,-C 20 
substituted or unsubstituted, saturated or unsaturated hydrocarbons, e.g., alkyl, alkenyl, 

2 5 alkynyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, 

substituted or unsubstituted alkylaryl, or substituted or unsubstituted arylalkyl. 

Amines also represent examples of functional groups as well as quaternary 
ammonium groups (-NR/) and quaternary phosphonium groups (-PR 3 + ), as well as 
quaternary sulfonium groups (-SR 2 + ). 

3 0 In an additional embodiment of the present invention, the colored pigment product 

can be a pigment having attached at least one group comprising the formula: 
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-X-Sp-[A] p R 

wherein X represents an aromatic group or an alkyl group; Sp represents a spacer group; A 
represents an alkylene oxide group of from about 1 to about 12 carbons; p represents an 
integer of from f to 500, and R represents hydrogen, a substituted or unsubstituted alkyl 
5 group, or a substituted or unsubstituted aromatic group. A can be the same of different 
when p is greater than 1. X can be substituted or unsubstituted and can include substituted 
groups such as an ester group, an amide group, an ether group, a carbonyl group, an aryl 
group, an alkyl group and the like. The substituted groups can be attached or linked to A. 
Examples of preferred alkylene groups include, but are not limited to, -CH 2 -CH 2 - 
1 0 O; -CH(CH 3 )-CH 2 -0-; -CH 2 CH 2 CH : -0-; or combinations thereof. 

In another embodiment of the present invention, the colored pigment can be a 
pigment having attached at least one group comprising the formula: 

-X-Sp-[(-CH 2 ) m -0-) p -R] 
wherein X is described above, and for instance can represent an aromatic group or an alkyl 
15 group as described earlier, m is an integer of from 1 to 12, preferably 2 or 3, p is an integer 
of from 1 to 500, Sp represents a spacer group, and R is described above, and for instance 
can be hydrogen, a substituted or unsubstituted alkyl group, or a substituted or 
unsubstituted aromatic group. Examples of R substituents include, but are not limited to, 
hydrogen, methyl, ethyl, butyl, or propyl groups, p can be 1-25, 26-50, 51-75, 76-100, and 
20 101-500, and is preferably 5 to 50. Particularly preferred groups of this formula are where 
X is a benzene group, m is 1 to 5, and more preferably 2 or 3, p is 5 to 50, more preferably 
44-45, and R is hydrogen or a methyl group. Another preferred group is where m is 2, p is 
7, R is a methyl group, and X is a benzene group. 

In yet another embodiment of the present invention, the colored pigment can be a 

2 5 pigment having attached at least one polymeric group, wherein the polymeric group 

comprises the formula: 

-X-Sp-[polymer]R 

wherein X and Sp are described above, and for instance can represent at least an aromatic 
group or at least an alkyl group as described earlier, "polymer" comprises repeating 

3 0 monomer groups or multiple monomer groups or both, optionally having at least one -X' 

group. The 'polymer' can be substituted or unsubstituted with additional groups, and R is 
described above, and for instance can represent hydrogen, a bond, a substituted or 
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unsubstituted alkyl group, or a substituted or unsubstituted aromatic group. When X 
represents an alkyl group, the "polymer" preferably has no ionic or ionizable group. X' 
represents an aromatic group or alkyl group, and each X* and X can be the same or 
different. The total monomer repeating units that comprise the "polymer" is not greater 
5 than about 500 monomer repeating units. X and/or X' can be substituted or unsubstituted 
and can include substituted groups such as an ester group, an amide group, an ether group, 
and the like. The substituted groups can be linked to the "polymer." Also, when R 
represents a bond, the available bond can be attached to the pigment. When X represents 
an alkyl group in this formula, the polymeric group preferably has no ionic or ionizable 
10 group. The polymeric group can be any polymeric group capable of being attached to a 
pigment. 

For purposes of the present invention and this formula immediately above, one or 
more polymeric groups that comprise the "polymer" can be present. The polymeric group 
can be a thermoplastic polymeric group or a thermosetting polymeric group. Further, the 

15 polymeric group can be a homopolymer, copolymer, terpolymer, and/or a polymer 
containing any number of different repeating units. Further, the polymeric group present 
in the present invention can be any type of polymeric group, such as a random polymer, 
alternating polymer, graft polymer, block polymer, star-like polymer, and/or comb-like 
polymer. The polymeric group used in the present invention can also be one or more 

20 polyblends. The polymeric group can be an interpenetrating polymer network (IPN); 
simultaneous interpenetrating polymer network (SIN); or interpenetrating elastomeric 
network (IEN). 

Specific examples of polymeric groups include, but are not limited to, linear-high 
polymers such as polyethylene, poly(vinylchloride), polyisobutylene, polystyrene, 

2 5 polycaprolactam (nylon), polyisoprene, and the like. Other general classes of polymeric 

groups of the present invention are polyamides, polycarbonates, polyelectrolytes, 
polyesters, polyethers, (polyhydroxy)benzenes, polyimides, polymers containing sulfur 
(such as polysulfides, (polypheny lene) sulfide, and polysulfones), polyolefins, 
polymethylbenzenes, polystyrene and styrene copolymers (ABS included), acetal 

3 0 polymers, acrylic polymers, acrylonitrile polymers and copolymers, polyolefins containing 

halogen (such as polyvinyl chloride and polyvinylidene chloride), fluoropolymers, 
ionomeric polymers, polymers containing ketone group(s), liquid crystal polymers, 
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polyamide-imides, polymers containing olefinic double bond(s) (such as polybutadiene, 
polydicyclopentadiene), polyolefin copolymers, polyphenylene oxides, polyvinyl 
alcohols), polyurethanes, thermoplastic elastomers, and the like. 

Generally, the polymeric groups described in Volume 1 8 of the Encyclopedia of 
5 Chemical Technology, KIRK-OTHMER, (1982), page 328 to page 887, and Modern 
Plastics Encyclopedia '98, pages B-3 to B-210, and "Polymers: Structure and Properties," 
by CA. Daniels, Technomic Publishing Co., Lancaster, PA (1989), all incorporated in 
their entirety herein by reference, can be used as the polymeric groups of the present 
invention. 

10 The polymeric groups of the present invention can be prepared in a number of 

ways and such ways are known to those skilled in the art. The above referenced KIRK- 
OTHMER section. Modern Plastics Encyclopedia, and C.A. Daniels' reference provide 
methods in which these polymeric groups can be prepared. 

The polymeric group is preferably a polyolefin group, a polyurethane group, a 

15 polystyrenic group, a polyacrylate group, a polyamide group, a polyester group, or 
mixtures thereof. Examples of R groups can be the same as previously described above, p 
can be 1-25, 26-50, 51-75, 76-100, 101-500, and is preferably 1 to 100, and more 
preferably 5 to 50. 

Also, the organic group(s) attached to the colored pigment can be one or more types 

2 0 of dyes, such as, but not limited to, Nile Blue A, Toluidine Blue, Tryan Blue, C.I. Acid Blue 

40, C.I. Acid Blue 129, C.I. Acid Blue 9, C.I. Acid Blue 185, C.I. Direct Blue 71, C.I. Direct 
Blue 199, CI. Direct Red 9, C.I. Acid Red 18, C.I. Acid Red 27, C.I. Direct Yellow 86, C.I. 
Direct Yellow 4, CI. Acid Yellow 23, and C.I. Food Black 2. Besides the organic group 
comprising the dye, an organic group having an ionic group and a counterionic group can 
25 have a dye serving as the counterionic group. Attaching a dye to the colored pigment can 
provide the advantage of modifying the color properties of pigments. Also, the organic 
group(s) attached to the colored pigment can be one or more types of light stabilizers, e.g., 
hindered amine light stabilizer (HALS) or antioxidant. 

In addition, the present invention relates to a process for preparing surface-modified 

3 0 colored pigments. The process involves combining at least one treating agent and at least 

one type of colored pigments) in a container (e.g., a jacketed container) to form a mixture 
and subjecting the mixture to high shearing and introducing at least one diazotizing agent to 
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the mixture for at least a portion of time while the high shearing is taking place, and 
preferably during the entire time that high shearing is taking place, such that a reaction 
product is formed and contains surface-modifed colored pigment(s). The treating agent has 
an organic group which comprises at least one diazotizable group. In a preferred 
5 embodiment, the diazotizable group comprises a) at least one aromatic group, at least one C,- 
C 20 alkyl group, or mixtures thereof; and b) at least one ionic group, ionizable group, 
nonionic group, or mixtures thereof. The organic groups mentioned throughout this 
disclosure can be a part of the treating agent. 

The treating agent for use in the process of the present invention comprises an 

10 organic group which comprises at least one diazotizable group. For purposes of the present 
invention, a "diazotizable group" means a nitrogen containing compound which, in the 
presence of a diazotizing agent, will react to form a diazonium salt. The "diazotizing agent" 
means any compound which will donate a nitrogen atom during the reaction with the 
diazotizable group to form the diazonium salt. In a preferred embodiment the diazotizable 

15 group comprises a) at least one aromatic group, at least one C,-C 20 alkyl group, and mixtures 
thereof; and b) at least one ionic group, ionizable group, nonionic group, and mixtures 
thereof. 

Typically, the diazotizing agent is any metal or organic nitrite including, for example, 

ammonium nitrite, butyl nitrite, dicyclohexylammonium nitrite, ethylnitrite, isoamylnitrite, 
2 0 lithium nitrite, sodium nitrite, potassium nitrite, or zinc nitrite, and may also include nitrous 

acid, nitrogen oxide, nitrogen dioxide, and mixtures thereof. 

In more detail, the combining of at least one treating agent and at least one type of 

colored pigments) in a container to form a mixture can be accomplished in any fashion, 

including, but not limited to, pouring each component into a vessel or other container at the 
25 weight ratio of the treating agent to the colored pigment as determined by the desired 

treatment level, reaction efficiency, and pigment surface area. For example, from about 10% 

to 50% by weight of treating agent can be used. 

Typically, a solution is prepared by mixing the desired treating agent in a liquid 

reaction medium. Preferably, the mixing occurs for a sufficient amount of time to 
30 substantially dissolve or distribute the treating agent. A preferred liquid reaction medium 

includes water, any medium containing water, any medium containing alcohols, and 

mixtures thereof. A water based reaction medium is most preferred. 
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The treating agent, alone or dissolved or distributed in a liquid reaction medium, and 
the colored pigment can be added separately, and the high shearing, which is part of the 
process, can mix the two components together to form a mixture. As part of the process, the 
mixture is subjected to high shearing. In a preferred embodiment, the mixing takes place in a 
5 suitable vessel under high shear conditions and utilizes equipment capable of providing a 
grinding or impact action, liquid shear cavitation or other means of particle size reduction. 
Different shearing devices can be used in combination or in series such as horizontal media 
mills, vertical media mills such as attritors, ball mill, hammer mills, pin disk mills, fluid 
energy mills, jet mills, sonicators, and the like. Preferably, the high shearing occurs in high 

1 0 pressure fluid impingement reactors. Other examples include, but are not limited to, high 
pressure homogenizers, rotor stators, distributive devices, impact dispersers (media/ball), and 
the like. For purposes of this invention, "high shear" means an energy sufficient to reduce 
the particle size distribution of the colored pigment to a desired size and continually expose 
new surfaces of the colored pigment to the reaction solution, thereby improving the 

15 distribution and level of the treating agent being attached to the surface of the colored 
pigment and the overall product yield. Preferably, the same vessel is used in the high shear 
mixing step as that used to prepare the reaction solution of treating agent and diazotizing 
agent. In addition, the vessel may be preferably equipped with suitable means for adding 
heat or removing heat, such as a heating mantle, thermocouple and the like. 

20 The operating temperature and pressure of the process can be any temperature or 

pressure as long as the liquids being processed remain a liquid during the process. For 
instance, the temperature can be from about 0 to about 90 degrees C when in an aqueous 
environment. 

The reaction time depends on the treating agent(s) used, but typically can be from 

2 5 about 30 minutes or less to about 5 hours or more. The residence time of the reactants in the 

process can be any time and is typically dependent on the desired particle size and/or the 
reaction rate. Typically, the residence time is from about 30 minutes to about 7 days or 
more, and preferably is from about 30 minutes to about 24 hours, and most preferably is 
from about 30 minutes to about 5 hours. Typically, the high shear mixing will occur at a 

3 0 temperature ranging from about 0°C and 90°C for a time period between 30 minutes and 48 

hours. Preferably, the high shear mixing takes place at a temperature ranging from about 
50°C and 75°C for a time period between 1 hour and 24 hours because such a range has been 
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found to produce a surface-modified colored pigment with improved dispersibility, stability 
and color intensity. 

In the present process, at least one diazotizing agent is introduced to the mixture for 
at least a portion of time while the high shearing is taking place, and preferably while the 
5 entire high shearing is taking place, such that a reaction product is formed and contains 
surface-modifed colored pigment(s). Adding the diazotizing agent in this manner permits the 
formation of the diazonium salt in a continuous fashion which permits the attachment of 
organic groups on the new surfaces of the colored pigment being created as the colored 
pigment is being reduced in particle size (i.e., as the surface area of the colored pigments is 

1 0 being increased during shearing operations). The diazotizing agent can be introduced in any 
manner, such as pumping, nozzles, or by in-line static mixing. 

In the present process, the shearing of the colored pigments can begin before, during, 
and/or after the introduction of the diazotizing agent. By shearing the colored pigments 
beforehand, the colored pigments can begin to be broken up before attachment of organic 

1 5 groups begins by the addition of the diazotizing agent. Further, with the present process, any 
combination of steps can be preformed, such as adding the diazotizing agent and then 
shearing and then adding more diazotizing agent which can be the same or different from the 
first diazotizing agent added. Thus, it is within the bounds of the present invention to have 
any combination and/or sequence of steps with respect to shearing and the addition of the 

2 0 diazotizing agent and the treating agent. Further, a combination of different diazonium salts 
can be formed to attach more than one type of organic group on the surface of the colored 
pigment(s). 

Depending on the shearing device, the amount of solids during processing can vary 
and various amounts are preferred. For instance, when a high pressure homogenizer is used, 

2 5 less than 30% solids is preferred, and less than 20% solids is more preferred, and less than 

about 10% solids is most preferred, wherein the % is based on by weight of the entire 
material being processed. With respect to a rotor stator, less than 30 % solids is preferred, 
and less than 20 % solids is more preferred, and from about 5 % to about 15 % solids is most 
preferred. With respect to a distributive device, less than 50 % solids is preferred, from about 

3 0 5 to about 50 % is more preferred, and from about 20 % to about 40 % solids is most 

preferred. With respect to an impact disperser, less than 50 % solids is preferred, from about 
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5 % to about 50 % solids is more preferred, and from about 10 % to about 20 % solids is 
most preferred 

To prepare the above modified pigment products, the diazonium salt need only be 
sufficiently stable to allow reaction with the pigment. Thus, that reaction can be carried 
5 out with some diazonium salts otherwise considered to be unstable and subject to 
decomposition. Some decomposition processes may compete with the reaction between 
the pigment and the diazonium salt and may reduce the total number of groups attached to 
the pigment. Further, the reaction may be carried out at elevated temperatures where 
many diazonium salts may be susceptible to decomposition. Elevated temperatures may 

10 also advantageously increase the solubility of the diazonium salt in the reaction medium 
and improve its handling during the process. The pigment can be reacted with a 
diazonium salt when present as a dilute, easily stirred, aqueous slurry, or as a more 
concentrated highly mixed slurry in water or thick paste. 

A preferred method of preparing the modified pigment products involves reducing 

1 5 the pigments to be modified to a size desirable for the particular end use application. If, of 
course, the pigment is already of an appropriate size, then no reduction in size is 
necessary. Generally, the size of the pigment can be the same size as the pigment sizes 
used conventionally for the particular end use applications. For instance, the average 
particle size of the pigment can be about 10 microns or less, and preferably about 5 

2 0 microns or less. Preferably, for instance, in inkjet ink applications, the average pigment 
particle size is preferably less than about 1 micron and more preferably less than about 0.5 
micron (e.g., a preferred range is about 0.01 micron to less than about 1 micron), and is 
preferably less than about 10 microns for coatings, toner, polymer, and rubber 
applications. If size reduction of the pigment to be modified is preferred, any method of 

2 5 reducing size can be used such as those described in T.C. Patton, "Paint Flow and Pigment 

Dispersion," 2nd ed., Wiley, NY (1979), incorporated herein by reference. 

The level of treatment of the various groups attached on the pigment can be any 
amount and preferably is from about 0. 10 to about 50 micromoles/m 2 , and more preferably 
is from about 0.30 to about 10 micromoles/m 2 . When low levels of treating agent are 

3 0 desired, it has been found that the diazotizable/organic group is typically introduced (i.e. 

present in the reaction solution) at a level from about 0.01 to 5.0 micromoles/m 2 of the 
colored pigment used, based upon the nitrogen surface area of the colored pigment. When 
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traditional levels of treating agent are desired, it has been found that the diazotizable/organic 
group is typically introduced (i.e. present in the reaction solution) at a level from about 5.0 to 
50.0 micromoles/m 2 of the colored pigment used, based upon the nitrogen surface area of the 
colored pigment. Lastly, it will be appreciated by those skilled in the art that the pH of the 
5 reaction mixture may be varied depending on the particular treating agent and the most 
efficient reaction conditions and may, for example, be at a pH around neutral if appropriate. 

An advantage of the present invention is that the colored pigments having at least one 
organic group attached preferably have substantially, if not the same, color of the starting 
colored pigment prior to being modified. 

10 The pigment products may be purified by washing, such as by filtration, 

centrifugation, or a combination of the two methods, to remove unreacted raw materials, 
byproduct salts, and other reaction impurities. The products may also be isolated, for 
example, by evaporation or it may be recovered by filtration and drying using known 
techniques to those skilled in the art. Dispersions of the pigments of the present invention 

15 may be further purified or classified to remove impurities and other undesirable free 
species which can co-exist in the dispersion as a result of the manufacturing process. In a 
preferred embodiment, the pigment dispersions are subject to a classification step, such as 
centrifugation, to substantially remove particles having a size above about 1.0 micron, 
preferably above about 0.5 micron. In addition, the dispersion is preferably purified to 

2 0 remove any undesired free species, such as unreacted treating agent. Known techniques of 

ultrafiltration/diafiltration using a membrane or ion exchange may be used to purify the 
dispersion and remove a substantial amount of free ionic and unwanted species. Also 
preferred is an optional exchange of counterions whereby the counterions that form a part 
of the surface-modified pigment are exchanged or substituted with alternative counterions 
25 utilizing known ion exchange techniques such as ultrafiltration, reverse osmosis, ion 
exchange columns and the like. Particular examples of counterions that can be exchanged 
include, but are not limited to, Na*, K + , Li", NH/, Ca 2 \ Mg 2+ , CI*, N0 3 , N0 2 *, acetate, 
carboxylate, and Br. Such additional classification and purification methods are more 
fully described in U. S. Patent Application No. 09/240,291, filed January 29, 1999, the 

3 0 disclosure of which is fully incorporated herein by reference. 
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Uses of the Colored Pigments 

The colored pigments of this invention may be used in the same applications as 
conventional pigments. The groups preferably attached to the pigment, however, can be 
used to modify and improve the properties of a given pigment for a particular use. 
5 The colored pigments according to the present invention can be used in a number 

of end use applications. These uses include, for example, plastic compositions, aqueous 
and non-aqueous inks, aqueous and non-aqueous coatings, rubber compositions, toner 
compositions, paper products, and textile and fiber compositions. The following 
paragraphs describe these uses generally and examples of each are shown below. 

10 The colored pigments of the present invention may be used in aqueous or solvent 

based compositions containing conventional pigments. The following discussion relating to 
ink compositions is similarly applicable to other liquid systems including, for example, 
coatings, papers, inks, toners, adhesives, latexes, textiles and fibers. 

The present invention relates to an inkjet ink composition comprising an aqueous 

15 or non-aqueous vehicle and a colored pigment of the present invention. In contrast to 
conventional pigments, the colored pigments for use in the inkjet ink of the present 
invention are not difficult to disperse in an aqueous or non-aqueous vehicle. The colored 
pigments do not necessarily require a conventional milling process, nor are additional 
dispersants necessarily needed to attain a usable ink. Preferably, the modified pigment 

2 0 products only require low shear stirring or mixing to readily disperse the pigment in water 

or other solvent. 

Formation of an inkjet ink containing a vehicle and stably dispersed colored 
pigment can be preformed with a minimum of components and processing steps when the 
above modified pigment products are utilized. Such an ink may be used in any inkjet 
25 printer known in the art. Preferably, in inkjet inks of the present invention, the colored 
pigments are present in an amount of less than or equal to 20% - 25% by weight of the 
inkjet ink. It is also within the bounds of the present invention to use an inkjet ink 
formulation containing a mixture of unmodified pigment with the colored pigments of the 
present invention. Common additives such as those discussed below may be added to the 

3 0 dispersion to further improve the properties of the inkjet ink. 

Suitable additives are also generally incorporated into the ink or ink jet composition 
to impart a number of desired properties while maintaining the stability of the compositions. 
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For example, a surfactant or suitable polymer may be used to further enhance the colloidal 
stability of the colored pigment in the ink composition. Other additives are well known in 
the art and include humectants, biocides, binders, drying accelerators, penetrants and the like. 
Examples of humectants include ethylene glycol, propylene glycol, diethylene glycol, 
5 glycerine, dipropylene glycol, polyethylene glycol, polypropylene glycol, alkane diols, 
amides, ethers, carboxylic acids, esters, alcohols, organosulfides, organosulfoxides, sulfones, 
alcohol derivatives, 2-pyrrolidone, ether derivatives, amino alcohols, and ketones. The 
amount of a particular additive will vary depending on a variety of factors but are generally 
present in an amount ranging between 0% and 40%, preferably between 0.1% and 10%, 

1 0 although the amount may be outside this range. 

In particular, a humectant may be added to reduce the rate of evaporation of water 
in the ink to minimize clogging. If the ink begins to dry out, the humectant concentration 
increases and evaporation decreases further. Humectants may also affect other properties 
of the ink and prints made therefrom, such as viscosity, pH, surface tension, optical 

15 density, and print quality. Preferred humectants include ethylene glycol, propylene glycol, 
diethylene glycols, glycerine, dipropylene glycols, polyethylene glycols, polypropylene 
glycols, amides, ethers, carboxylic acids, esters, alcohols, organosulfides, 
organosulfoxides, sulfones, alcohol derivatives, carbitol, butyl carbitol, cellosolve, ether 
derivatives, amino alcohols, and ketones. . 

20 Biocides such as benzoate or sorbate salts are important in preventing bacterial 

growth. Bacteria are often larger than ink nozzles and can cause clogging and other 
problems. Binders attach to the substrate to hold the colorant on the paper. Examples 
include polyester, polyester-melanine, styrene-acrylic acid copolymers, styrene-acrylic 
acid-alkyl acrylate copolymers, styrene-maleic acid copolymers, styrene-maleic acid-alkyl 

25 acrylate copolymers, styrene-methacrylic acid copolymers, styrene-methacrylic acid-alkyl 
acrylate copolymers, styrene-maleic half ester copolymers, vinyl naphthalene-acrylic acid 
copolymers, vinyl naphthalene-maleic acid copolymers, and salts thereof. Drying 
accelerating agents promote evaporation of the ink once the ink is placed in the paper. 
These include sodium lauryl sulfate, N,N-diethyl-m-toluamide, cyclohexylpyrrolidinone, 

3 0 and butyl carbitol. Penetrants such as alcohols, sodium lauryl sulfate, esters, and ketones 
allow the ink to penetrate the surface of the paper. Alcohols may also be used to increase 
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the rate of drying of the liquid ink, and surfactants like detergents and soap reduce the 
surface tension to allow the ink to spread on the substrate. 

Additionally, the modified pigment products-based inkjet inks may incorporate 
some dye to modify color balance and adjust optical density. Such dyes include food 
5 dyes, FD & C dyes, derivatives of phathalocyanine tetrasulfonic acids, including copper 
phthalocyanine derivates, tetra sodium salts, tetra ammonium salts, tetra potassium salts, 
tetra lithium salts, and the like. 

Polymers or oligomers may be added to inkjet inks based on the modified pigment 
products. The images created from such an ink may be water-insoluble upon 
1 0 polymerization or cross-linking of the added polymers or oligomers. 

Additionally, in preparing inkjet inks utilizing the modified pigment products of 
the present invention, sequential filtration of the inks through filters of descending size or 
centrifugation or both may be used to obtain a more desirable final product. For instance, 
filtering first with a 3.0 micron filter and then filtering with a 1.0 micron filter, and so on, 
15 as desired. In addition, the size of the modified pigment products in the inkjet inks is 
preferably no larger than about 2 microns. More preferably, the size of the modified 
pigment product is one micron or less. 

Advantageously, the inkjet inks of the invention have excellent stability over time 
and a wide range of temperatures, have desirable viscosities and surface tensions, and 
2 0 when printed, have good optical density, print clarity, rub resistance, and waterfastness. 

Ink compositions containing the colored pigments of the present invention have been 
found suitable for use in imaging applications, particularly for use in inkjet inks. Such ink 
and ink jet compositions exhibit improved formulation properties and storage stability. In 
addition, images generated from such ink and ink jet compositions exhibit good 

2 5 waterfastness and color intensity. 

The colored pigments of the present invention are present in the aqueous or solvent 
based ink or inkjet composition in an amount effective to provide the desired image quality, 
e.g., optical density, without detrimentally affecting the performance of the ink. Typically, 
the colored pigments will be present in an amount ranging from about 1% to about 20%, 

3 0 preferably from about 2% to about 10%, based on the weight of the ink composition. In 

addition, the colored pigment is typically as small as possible to enable a stable colloidal 
suspension of the pigment in the liquid vehicle and to prevent clogging of the ink channels 
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and nozzles when used in the desired printing application. For example, a preferred average 
particle size of the surface-modified colored pigment for use in a thermal ink jet printer are 
generally below 1 .0 micron, preferably in a range from about 0.005 micron to about 0.3 
micron. 

5 The ink compositions of the present invention may be prepared utilizing 

conventional techniques known to those skilled in the art, such as combining or mixing the 
desired component in a suitable aqueous or solvent based medium. When the ink and ink jet 
compositions are aqueous based systems, a significant amount of water, preferably deionized 
or distilled water, is typically used. For example, the amount of water or similar medium is 

1 0 generally present in an amount ranging from about 50% to about 95%, preferably from about 
60% to 80%, based on the weight of the ink or ink jet composition. 

The ink and ink jet compositions of the present invention may be buffered to the 
desired pH by the addition of a suitable base, such as sodium hydroxide, ammonium 
hydroxide, triethylamine, dimethylethanolamine and the like, or a suitable acid, such as 

15 mineral acids, hydrochloric acid, sulfuric acid and the like. In addition, a polymer which is 
soluble in the ink composition may be added to improve the waterfastness of the images 
generated from the ink compositions. By "soluble" is meant that the polymer will dissolve 
in the ink vehicle to form a one phase system. These polymers include, for example, 
polyvinyl alcohol, polyester, polyestermelamine, styrene-acrylic acid copolymers, styrene- 

2 0 maleic acid copolymers, styrene-maleic acid-alkyl acrylate copolymers, styrene-methacrylic 

acid copolymers, styrene-methacrylic acid-alkyl acrylate copolymers, styrene-maleic half 
ester copolymers, vinyl napthalene-acrylic acid copolymers, vinyl napthalene-maleic acid 
copolymers and salts thereof. Additional polymers include polyvinylimidazole, derivatives 
of polyvinylimidazole, polyvinylpyrrolidone and copolymers thereof, copolymers of 
25 vinylimidazole, copolymers of vinylimidazole derivatives, polyvinylpyridine, derivatives of 
polyvinylpyridine, copolymers of vinylpyridine, copolymers of vinylpyridine derivatives, 
polyethyleneimine, derivatives of polyethyleneimine, and mixtures thereof, as described in 
PCT Publication No. WO 96/18688, the disclosure of which is fully incorporated herein by 
reference. 

3 0 Printed images may be generated from the ink or ink jet compositions of the present 

invention by incorporating such compositions into a suitable printing apparatus, and 
generating an image onto a substrate. Suitable ink jet printers include, for example, thermal 
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printers, piezoelectric printers, continuous printers, valve printers and the like. Similarly, 
any suitable substrate can be employed including plain papers, bonded papers, coated papers, 
transparency materials, textile materials, plastics, polymeric films, inorganic substrates and 
the like. 

5 As noted above, the colored pigments of the present invention may be useful in a 

wide variety of aqueous or solvent based applications and, in particular, ink compositions to 
provide the desired color and intensity. Unlike conventional pigments, the colored pigments 
of the present invention are readily dispersed in the desired liquid vehicle. In addition, the 
colored pigment are colloidally stable in the liquid vehicle and does not require conventional 

1 0 milling, nor the aid of a dispersant. The colored pigments preferably require only low shear 
mixing or stirring into the liquid vehicle. 

The colored pigments of the present invention can be used as colorants in a plastic 
material. The colored pigments of the present invention can also be used to impart 
conductivity to a plastic material. The colored pigments of the present invention may give 

15 an increased rate of dispersion or improved quality of dispersion over the corresponding 
untreated or conventional pigment. These improvements offer an economic advantage in 
plastic manufacture and in value of the finished product, respectively. Using the colored 
pigment of the present invention may improve impact strength of the plastic. Thus, the 
invention relates to an improved plastic composition comprising a plastic and the colored 

2 0 pigments of the present invention. 

As with conventional pigments, the colored pigments of the present invention can 
be used with a variety of plastics, including but not limited to plastics made from 
thermoplastic resins, thermosetting resins, or engineered materials, for example, 
composites. Typical kinds of thermoplastic resins include: (1) acrylonitrile-butadiene- 
25 styrene (ABS) resins; (2) acetals; (3) acrylics; (4) cellulosics; (5) chlorinated polyethers; 
(6) fluorocarbons, such as polytetrafluoroethylene (TFE), polychlorotrifluoroethylene 
(CTFE), and fluorinated ethylene propylene (FEP); (7) nylons (polyamides); (8) 
polycarbonates; (9) polyethylenes (including copolymers); (10) polypropylenes (including 
copolymers); (11) polystyrenes; (12) vinyls (polyvinyl chloride); (13) thermoplastic 

3 0 polyesters, such as polyethylene terephthalate or polybutylene terephthalate; (14) 

polyphenylene ether alloys; and blends and alloys of the above with rubber modifiers. 
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Typical thermosetting resins include: (1) alkyds; (2) allylics; (3) the aminos (melamine 
and urea); (4) epoxies; (5) phenolics; (6) polyesters; (7) silicones; and (8) urethanes. 

Generally, the colored pigment is added like any other pigment to the plastic used 
to form a plastic premix. This can be done, for example, in a dry mix or a melt stage. The 
5 modified pigment product may also be incorporated on or in a plastic by adding it to a 
solvent, where the plastic is soluble or partially-soluble, followed by removal of the 
solvent (e.g., by evaporation). The colored pigments of the present invention may be used 
in combination with other conventional additives in plastic compositions. According to 
the invention, the term plastic composition includes, but is not limited to, any plastic 
10 material, article, goods, surface, fabric, sheet, film, and the like. For example, plastic 
materials include automotive parts, siding for homes, liners for swimming pools, roofing 
materials, packaging materials, synthetic fibers, food, and storage containers, light 
absorbing applications (e.g., bar codes), and any variety of other household or industrial 
items. 

15 The colored pigments of the present invention are also useful in aqueous and non- 

aqueous ink formulations. Thus, the invention provides an ink composition comprising an 
ink vehicle and a modified pigment product. Other known ink additives may be 
incorporated into the ink formulation. Typical inks include, but are not limited to: 
lithographic, letterpress, flexographic, gravure, screening, phase change ink jet inks, and 

2 0 ink jet applications. 

In general, an ink consists of four basic components: (1) a colorant, (2) a vehicle 
or varnish which functions as a carrier during printing, (3) additives to improve 
printability, drying, and the like, and (4) solvents to adjust viscosity, drying and the 
compatibility of the other ink components. For a general discussion of the properties, 

2 5 preparation and uses of inks, see The Printing Manual, 5th Ed., Leach et al, Eds. 

(Chapman and Hall, 1993) incorporated herein by reference. Various ink compositions are 
also disclosed, for example, in United States Patent Nos. 2,833,736; 3,607,813; 4,104,833; 
4,770,706; and 5,026,755, incorporated in their entirety herein by reference. 

The colored pigments of the present invention, either as predispersion or as a solid, 

3 0 can be incorporated into an ink formulation using standard techniques. Use of a water 

dispersible or solvent-dispersible modified pigment product of the present invention can 
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provide a significant advantage and cost savings by reducing or eliminating the milling 
steps generally used with other conventional pigments. 

Flexographic inks represent a group of ink compositions. Flexographic inks 
generally include a colorant, a binder, and a solvent. The modified pigment products of 
5 the invention are useful as flexographic ink colorants. 

The colored pigments of the present invention can be used in news inks. For 
example, a news ink composition may comprise an ink vehicle (e.g., water), the colored 
pigments of the present invention, a resin, and optional conventional additives such as 
antifoam additives or a surfactant. 

10 The colored pigments of the present invention may also be used in phase change 

(hot melt) inks. Phase change inks generally include at least one colorant and at least one 
phase change or wax carrier (e.g., a fatty amide-containing material like a mixture of a 
tetra amide compound and a mono-amide compound, or an alkanolamides and 
polyethylene glycol mixture). The phase change ink is in a solid phase at ambient 

15 temperature and in a liquid phase at an elevated operating temperature of the printer. 
When the ink is heated it melts to form a low viscosity fluid that can be ejected as 
droplets. Upon jetting, heated droplets impact on a substrate, and cool to ambient 
temperature forming films of uniform thickness. Subsequent impaction of the droplets on 
the substrate may also occur, depending upon the type of printer used. Use of the colored 

2 0 pigments of the present invention can provide a significant advantage in dispersion 
stability and carrier compatibility over conventional pigments and in light-fastness over 
dyes. 

The colored pigments of the present invention can also be used in lithographic or 
flexographic printing. For example, the ink or fountain solution used in the printing 

2 5 process can contain the colored pigments of the present invention. 

The colored pigments of the present invention can also be used in the manufacture 
of lithographic printing plates, such as infrared or near-infrared laser-imageable printing 
plates. Typically, imaging occurs when the plate is exposed to radiation having 
wavelengths of between 800 and 1100 nm. Generally, an infrared or near-infrared laser- 

3 0 imageable lithographic printing plate includes at least the following layers: a grained- 

metal or polyester plate or sheet-like substrate and a radiation-absorptive layer coated 
thereon. Protective layers for the substrate or the surface of the coated plate may also be 
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used in the present invention. When coated onto the substrate, the protective layer can 
also serve as an adhesion-promoting primer. Other layers may be used, for example, to 
improve adhesion between layers and durability of the printing plate. The radiation- 
absorptive layer contains the colored pigment of the present invention along with other 
5 conventional ingredients, such as resins and binders. In the imaging process, a 
lithographic printing plate is selectively exposed to a laser output or other source capable 
of removing or chemically modifying the radiation-absorbent layer or layers adjacent 
thereto. The laser output will define a pattern on the printing plate and remove or modify 
only those portions of the radiation-absorptive layer which define the pattern. Afterwards, 

10 the printing plate can be further developed by subjecting it to a solvent capable of 
removing the imaged layer(s), if any remains, which defines the same pattern. The details 
of the various conventional components and techniques for such printing plates are 
described in U.S. Patent No. 5,493,971; EP 0 803 771 Al; EP 0 770 494 A2; EP 0 770495 
Al; as well as PCT Publication WO-98/31550 and the patents and publications referenced 

1 5 therein, all of which are incorporated in their entirety by reference herein. 

The colored pigments of the invention may also be used in coating compositions 
such as paints or finishes, or the like. Thus, an embodiment of the invention is a coating 
composition comprising an aqueous or non-aqueous vehicle, resin or binder, and a 
modified pigment product. Other known coating additives may be incorporated in the 

2 0 coating compositions. See, for examples, McGraw-Hill Encyclopedia of Science & 

Technology, 5th Ed. (McGraw-Hill, 1982), incorporated herein by reference. See also 
United States Patents Nos. 5,051,464; 5,319,044; 5,204,404; 5,051,464; 4,692,481; 
5,356,973; 5,314,945; 5,266,406; and 5,266,361, incorporated in their entirety by 
reference herein. 

25 The colored pigments of the present invention, either as a predispersion or as a 

solid, can be incorporated into a coating composition using standard techniques. Use of a 
water or solvent dispersible modified pigment product provides a significant advantage 
and cost savings by reducing or eliminating the milling steps generally used with other 
conventional pigments. 

3 0 The colored pigments of the present invention may also be used in paper 

compositions. Accordingly, the present invention relates to a paper product comprising 
paper pulp and at least one modified pigment product. 
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The colored pigments of the present invention, either as a solid or a 
predispersion, can be incorporated into paper pulp using standard papermaking 
techniques as with conventional pigments. Use of a water or solvent dispersible 
modified pigment product discussed above may provide a significant advantage and 
5 cost savings by reducing or eliminating the steps generally used to disperse other 
conventional pigments. 

The paper products of the invention may incorporate other known paper 
additives such as sizing agents, retention aids, fixatives, fillers, defoamers, 
deflocculating agents, and the like. Advantageously, the water or solvent dispersible 

10 colored pigments discussed above are retained more efficiently at low loading levels 
when compared to the untreated pigments when retention aids and acidic or alkaline 
sizing agents are used. 

The colored pigments of the present invention may also be used, as with 
conventional pigments, as pigments, fillers, and reinforcing agents in the 

15 compounding and preparation of rubber compositions. Accordingly, the invention 
relates to a rubber or elastomeric composition containing at least one rubber or 
elastomer and at least one colored pigment of the present invention. 

The colored pigments of the present invention, can be useful in both natural 
and synthetic rubber compositions or mixtures of natural and synthetic rubbers. 

20 The colored pigments may be mixed with natural or synthetic rubbers by 

normal means, for examples by milling. Generally, amounts of the modified pigment 
product ranging from about 10 to about 250 parts by weight can be used for each 100 
parts by weight of rubber in order to impart a significant degree of reinforcement. 

Rubbers suitable for use with the present invention are natural rubber and its 

25 derivatives such as chlorinated rubber. The modified pigment products of the 
invention may also be used with synthetic rubbers such as: copolymejfMf from about 
10 to about 70 percent by weight of styrene and from about 90 to about 30 percent by 
weight of butadiene such as copolymer of 19 parts styrene and 81 parts Butadiene, a 
copolymer of 30 parts styrene and 70 parts butadiene, a copolymer of 43 parts styrene 

3 0 and 57 parts butadiene and a copolymer of 50 parts styrene and 50 parts butadiene; 
polymers and copolymers of conjugated dienes such as polybutadiene, polyisoprene, 
polychloroprene, and the like, and copolymers of such conjugated dienes with an 
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ethylenic group-containing monomer copolymerizable therewith such as styrene, 
methyl styrene, chlorostyrene, acrylonitrile, 2-vinyl-pyridine, 5-methyl 2- 
vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-5-vinylpyridine, alkyl-substituted 
acrylates, .vinyl ketone, methyl isopropenyl ketone, methyl vinyl ether, 
5 alphamethylene carboxylic acids and the esters and amides thereof such as acrylic 
acid and dialkylacrylic acid amide; also suitable for use herein are copolymers of 
ethylene and other high alpha olefins such as propylene, butene-1, and pentene-1. 

The rubber composition of the present invention can therefore contain at least 
one elastomer, curing agents, reinforcing filler, a coupling agent, and, optionally, 
10 various processing aids, oil extenders, and antidegradents. In addition to the examples 
mentioned above, the elastomer can be, but is not limited to, polymers (e.g., 
homopolymers, copolymers, and terpolymers) manufactured from 1,3 butadiene, 
styrene, isoprene, isobutylene, 2,3 -dimethyl- 1,3 butadiene, acrylonitrile, ethylene, 
propylene, and the like. It is preferred that these elastomers have a glass transition 
15 point (Tg), as measured by DSC, between -120°C and 0°C. Examples of such 
elastomers include poly(butadiene), poly(styrene-co-butadiene), and poly(isoprene). 

The modified pigment products of this invention may also be used to color 
fibers or textiles. Preferred colored pigments for this use are the dispersible colored 
pigments. Accordingly, the invention relates to fiber and textile compositions 
20 comprising a fiber or textile and a modified pigment product. Fibers suitable for use 
comprise natural and synthetic fibers such as cotton, wool, silk, linen, polyester and 
nylon. Textiles suitable for use comprise natural and synthetic fibers such as cotton, 
wool, silk, linen, polyester and nylon. Preferably natural fibers and textiles 
comprising cotton, wool, silk, and linen are used. 
25 The colored pigments of the present invention may be colored by means 

known in the art to color fibers and textiles with, for example, direct and acid dyes. 
Also, the modified pigments can be incorporated into fibers by spinning techniques, 
such as wet spinning, dry spinning, and melt spun techniques. For a general 
discussion of coloring with dyes, see Kirk-Othmer Encyclopedia of Chemical 
3 0 Technology, Vol 8 pp 280-350 "Dyes, Application and Evaluation" (John Wiles and 
Sons, 1979), incorporated herein by reference. Use of a water or solvent dispersible 
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modified pigment product discussed above provides a method for coloring these 
materials with a lightfast colorant. 

The present invention also relates to toner compositions comprising toner resin 
particles and the modified pigment particles of the present invention. Conventional 
5 additives as described in U.S. Patent Nos. 5,278,018; 5,510,221; 5,275,900; 
5,571,654; and 5,484,575; and EP O 270-066A1 can be used and these patents are 
incorporated herein by reference. 

The present invention will be further clarified by the following examples, 
which are intended to be purely exemplary of the present invention. 

10 

EXAMPLES 

Ink-Jet ink formulation: Colored pigments in the examples below were 
formulated into ink-jet printer inks with the following ingredients and percentage 

15 amount by weight: organic color pigment 3%, ethylene glycol 7.5%, glycerol 7.5%, 
iso-propanol 4%, and balanced amount of deionized- water. The resulted inks were 
well mixed to ensure uniformity. 

Printing Test: Test prints were printed out on 6 different types of 
commercially available papers from the above ink jet inks with a Canon BJC 4400 

2 0 printer and BCI-2 1 cartridge. 

Some or all of the following properties were determined and expressed as an 
average on the six types of papers from the test prints: CIELab color space, optical 
density (OD), light fastness (LF), waterfastness (WF), and particle size distributions. 
Tristimulus color values, L*, a*, and b*, were determined using a Hunter Lab Scan II 

25 instrument (available from Hunter Associates Laboratory, Inc. Reston, VA). OD was 
determined by Macbeth Densitometer RD 915S (available from GretagMacbeth LLC, 
New Windsor, NY). LF was determined by changes of trisimulus color and OD after 
exposing prints in a Q-UV weather-o-meter (available from Q-Panel, Cleveland, OH) 
for 3 weeks. The color difference A*ab between the initial color of the prints and the 

30 color of the prints after the exposing were determined from L*a*b* values by the 
following equation. 

A*ab = [(AL*) 2 + (Aa*) 2 + (Ab*) 2 ]" 2 
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Waterfastness (WF) test was done by printing a series of 0.32 cm solid bars with 0.96 
cm spacing on six type of papers. The print samples were held at an approximately 45 
deg angle, then squirting 0.25 mL of water at the appropriate time point (1 minute 
after printing, 5 minutes after printing, etc.). If the runoff of the water squirt was 
5 clear, then the print was considered to be waterfast at that time point. 

Mean volume particle size distribution of ink jet inks or pigment dispersions 
was determined by dynamic light scattering method using MICROTRAC Ultrafine 
Particle Analyzer (available from Honeywell, Minneapolis, MN). 

Two colloidal stability tests were described below to represent the types of test 
10 performed to evaluate the stability (changing of particle size distribution) of pigment 
dispersions, or pigment dispersions with organic solvent. 

Accelerating aging test: In this test 10% pigment dispersions or 5% pigment 
dispersion with 10% 2-pyrrolidone were placed into an oven at 70 °C for 3 weeks. 
The change of mean particle size was used as criteria to judge the stability. 
15 Freeze and thaw test: In this test 10% pigment dispersions or 5% pigment 

dispersion with 10% 2-pyrrolidone were first frozen at -20° C for one day and then 
thawed at 70° C for another day. This was defined as one cycle. After each cycle the 
change of mean particle size was used as criteria to judge their stability. If after three 
cycles the mean particle size did not change significantly, those dispersions were 
2 0 considered stable. 

Their good filterability and low accusizer number also characterized the 
qualities of surface modified organic pigment dispersions in this invention. 

Filterability Test: Take 100 ml pigment dispersion at 5 % pigment loading 
and pass through a 3 micron nylon absolute filter (available from Pall Filtron, 
25 Northborough, MA) under 300 mmHg vacuum. The time for this material to pass 
through the filter was measured. 

Accusizer Test: AccuSizer Model 780 (available from PSS NICOMP, Santa 
Barbara, CA). Settings 
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Collection Time 60 sec 

Number Channels 1 28 

Vessel Fluid Volume 60 ml 

Flow Rate 60 ml/min 

5 Max Coincidence 9000 

Number Cycles 1 



Sample preparation: 0.3 ml of pigment dispersion was diluted in 100 ml DI 
water. Then 0.2 ml of the diluted sample was injected into accusizer vessel. The total 
number of particles per mL greater than 0.5 micron and 1 microns were recorded and 
10 adjusted to reflect the concentration of particles per ml of the initial dispersion 
corrected to the appropriate solid level. 

Elemental Analysis: Elemental analysis of sulfur, sodium, potassium, 
calcium, and magnesium in the surface modified organic pigments were obtained 
from a commercial analytical laboratory (Schwarzkopf Micro-analytical Lab, 
15 Woodside, NY) using well known methods. 

Example 1: Preparation of a surface modified organic pigment product in a high- 
pressure fluid impingement reactor 

Sulfanilic acid (102 g, available from Aldrich Chemical, Milwaukee, WI) and 
2 0 PR122 (500 g, pigment red 122, available from Sun Chemical, Cincinnati, OH) were 
added to 9100 g of DI water and mixed in a jacketed tank equipped with an overhead 
stirrer until the material was wetted. The amount of sulfanilic acid added corresponds 
to a treatment level of 1.2 mol of sulfanilic acid per kg of pigment. The material was 
then pumped via a diaphragm pump into a high pressure reactor (Microfluidizer 
25 Model 210 B, Microfluidics International Corporation, Newton MA) equipped with 
an interaction chamber, type L30Z, at a pressure of 15 000 psi. The material exiting 
the reactor was recirculated to the feed tank. The temperature of the material in the 
feed tank was maintained in the 55-75° C by controlling the jacket temperature. As 
soon as the material was at 60° C, a 20 % sodium nitrite solution (204 g, available 
30 from Aldrich Chemical, Milwaukee, WI) was added uniformly over a 1 hr period, 
initiating the surface modification reaction. After all the sodium nitrite solution had 
been added, the reaction continued for another hr, while maintaining the temperature 
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in the desired range. After completion, the reaction mixture was allowed to cool, the 
pH was adjusted to 7 using sodium hydroxide and the material was concentrated to 10 
% and purified using ultrafiltration (Microza Hollow Fiber Membranes SLP1053, Pall 
Filtron, Northborough, MA). Further processing may include centrifugation or 
5 filtration for the removal of large particles and ion exchange to replace the counter-ion 
of the attached surface functionality. 

Example 2: Preparation of a surface modified organic pigment in a high shear 
rotor stator mixer 

10 To a rotor stator (Silverson Model L4RT-A, Silverson, East Longmeadow, 

MA) equipped with a jacketed 4 liter stainless steel vessel 1500 grams Dl-water, 
which had been pre-heated to 60° C, were added. Then 44.98 grams of sulfanilic acid 
were added to the vessel and the mixture was allowed to mix at 8000 rpm for 10 
minutes. Then, 17.94 grams of sodium nitrite dissolved in 150 grams of Dl-water was 

1 5 added to the reaction mixture to pre-form the reactive species. Immediately after all 
the sodium nitrite had been added, 200 g of copper phthalocyanine blue (pigment 
blue, Sunfast 15:4, available from Sun Chemical, Cincinnati, OH) was added to the 
rotor stator. The reaction mixture was allowed to mix at 8500 rpm for 1 hr, before 
44.98 grams of additional sulfanilic acid was added and followed by 17.94 grams of 

2 0 sodium nitrite (which were dissolved in 150 grams of Dl-water). The resulting 

mixture was allowed to react at 8500 rpm for additional 3 hrs at 65° C. The treatment 
level was equivalent to 2.6 mol of sulfanilic acid per kg of blue pigment. Reaction 
mixture was then filtered through a 20 mm screen and purified using ultrafiltration 
until the permeate was colorless. The resulting water dispersible blue pigment was 
25 then centrifuged at 10,000 rpm for 30 minutes using a type- 19 rotor (L-80 
Ultracentrifuge made by Beckman) to remove any unwanted large particles to give a 
stable aqueous dispersion of surface modified phthalocyanine blue pigment for further 
analysis and treatment. 

3 0 Example 3: Surface modified organic pigments and ink-jet inks with different 

particle size distribution 



SUBSTITUTE SHEET (RULE 26) 



wy^L^yi!^ 

WO 01/30919 PCT/US00/29883 



rage jd ot do 



35 

Pigment 3.1 and Pigment 3.2 were prepared in an analogous way as in 
Example 2, with the exception that the pigment type used was PR122 and the 
treatment level was 1.2 mol/kg. In addition, pigment 3.2 was centrifuged for an 
additional 1.5 hrs to reduce the particle size. Pigment 3.3 was produced as described 
5 in example 1. These pigments were formulated into a ink-jet ink as previously 
described and the following test data were obtained. As can be seen, the present 
invention can be used to obtain pigments with desired particle size. The highest 
overall yield was achieved when utilizing the high-pressure fluid impingement 
reactor. 

10 Table 1: 



Properties 


Pigment 3.1 


Pigment 3.2 


Pigment 3.3 


Pigment Type 


PR 122 


PR 122 


PR 122 


Treatment Agent 


Sulfanilic acid 


Sulfanilic acid 


Sulfanilic acid 


Mean volume particle 
diameter (microns) 


0.158 


0.123 


0.099 


Yield (%) 


45 


10 


80 


Properties of Inks 








OD 


1.00 


0.96 


1.00 


WF 


1 min 


4 min 


2 min 


L* 


56.2 


54.2 


54.3 


a* 


47.1 


44.0 


45.7 


b* 


-9.1 


-11.6 


-12.3 



Example 4: Surface modified organic pigments and ink-jet inks with different 
treating agents 

In this example all three pigments were prepared according to the procedures 
15 described in Example 2, with the exceptions that the treatment level was at 1.2 mol/kg 
and three different treating agents were used. All three dispersions showed good 
stability over the accelerating aging test. From Table 2 the present invention was able 
to modify pigment surfaces with a variety of functional groups to achieve different 
surface properties. 
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Table 2: 



properties 


Pigment 4. 1 


Pigment 4.2 


Pigment 4.3 


atarting pigment 


rK IZZ 


PR IZZ 


FK 122 


I reaung Agent 


dill fn vki'tiM A j*. * >-] 

ouiianiiic Acid 


p -Amino - 
benzoic acid 


N-p-amino-phenyl 
pyridinium chloride 


iviean volume panicie 
diameter (nm^ 


1 JO 


1 7") 
1JZ 


1 <7 


Yield 


45% 


65% 


35% 


Zeta Potential* 


-20 mv 


-37 mv 


+9 mv 


Properties of Ink 








OD 


1.00 


1.09 


1.12 


WF 


1 minute 


1 minute 


1 minute 


L* 


56.2 


53.4 


53.7 


a* 


47.1 


48.4 


49.3 


b* 


-9.1 


-12.9 


-12.8 











*Zeta Potential is determined with Zeta Plus, Zeta Potential Analyzer by Brookhaven 



Instrument Corp. NY 

5 Example 5: Physical properties of treated colored pigments dispersion in aqueous 
media 

Three different reactor configurations were utilized to produce the surface 
modified colored pigments shown in Table 3. The accelerating aging test of those 
pigments in aqueous dispersions at 10 % solids is shown in Table 4, mean volume 

1 0 particle size were expressed in micron-meter. 

Pigment 5.1 was produced in a 4 L Tilt-U-Max Mixer (available from 
Processall Cincinnati, OH) and utilized 350 g of colored pigment PB15:4, 125 g of p- 
amino-benzoic acid (available from Aldrich Chemical, Milwaukee, WI), 41 g of 70 % 
nitric acid (available from Aldrich Chemical, Milwaukee, WI), and 700 g of DI water. 

15 The material was mixed and maintained at a temperature of 55 to 70 °C. Sodium 
nitrite solution (314 g of solution at 20 % sodium nitrite) was introduced over a period 
of 30 minutes. The reaction is allowed to continue over additional 3 hrs. The product 
was then diluted down, pH adjusted, ultrafiltered for impurity removal centrifuged 
and filtered to produce the pigment dispersion designated as Pigment 5.1 

2 0 Pigment 5.2 was produced in an analogous way to Example 2, except the 

pigment type was PY74 (pigment yellow 74, available from Sun Chemical, 
Cincinnati, OH) and the treatment level was 1.2 mol/kg of sulfanilic acid. 
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Pigment 5.3 was produced as described in Example 1, except the treatment 
level of the pigment was raised to 1.8 mol/kg of sulfanilic acid. 



Table 3: 







Pigment 5.1 


Pigment 5.2 


Pigment 5.3 


Pigment Type 




PB15:4 


PY74 


PR122 


Treatment Type 




p-amino-benzoic 
acid 


Sulfanilic 
acid 


Sulfanilic Acid 


Treatment Level 


mol/kg 


2.6 


1.2 


1.8 


Reactor Type 




Processall 


Rotor Stator 


Micro fluidizer 


% solids 


% 


10.5 


10 


9.7 


Viscosity 


CP 


1.59 


2.02 


2.09 


pH 




7.6 


8.05 


5.29 


Surface Tension 


dynes/cm 


70.3 


70.6 


70.3 


Mean volume 
Particles Size 










MV 


microns 


0.0853 


0.1674 


0.123 


50% 


microns 


0.0807 


0.1708 


0.0981 


100% 


microns 


0.2044 


0.4088 


0.4088 


AccuSizer 










> 1 microns 


#/ml disp at 10 
% 


1.40E+07 


1.50E+07 


7.70E+06 


> 0.5 microns 


#/ml disp at 10 
% 


1.10E+08 


2.70E+08 


2.50E+08 


Filterability 




filtered 




filtered 
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Table 4: 



Description 


UPA 


Initial 


1 Week 


% Change 


2 Week 


/o i^ndngc 
















Pigment 5.1 


mV 


0.0853 


0 0815 


-4 


\j.vj i y\j 


7 




50% 


0.0807 


0 075 


-7 


0 070^ 


-z 




100% 


0.2044 


0 2044 


o 




n 




pH 


7.6 


7 


-8 
o 




-o 




> 1.0 microns 


1 .40E+07 


1 30E+07 


.7 


1 00F+07 


JO 




> 0.5 microns 


1 10E+08 


1 60E+08 


4S 


4 80F+OR 


J JO 
















Pigment 5.2 


mV 


0.1674 


0 1546 


o 


0 17RR 
U. 1 / oo 


7 




50% 


0.1708 


0 1593 


-7 


v. w u 


n 

V 




100% 


i 0.4088 


0.4088 


o 


0 4861 


10 
iy 




pH 


8.05 


6 3 


-22 


7 ?S 


1 0 




> 1.0 microns 


1.50E+07 


2.50E+07 


67 


3.90E+07 


160 




> 0.5 microns 


2.70E+08 


2.30E+08 


-15 


3.60E+08 


33 
















Pigment 5.3 


mV 


0.123 


0.1116 


-9 


0.1121 


-9 




50% 


0.0981 


0.1061 


8 


0.1058 


8 




ioo%... 


0.4088 


0.2891 


-29 


0.3437 


-16 




PH 


5.29 


4.4 


-17 


4.06 


-23 




> 1.0 microns - 


7.70E+06 


1.40E+07 


82 


1.50E+07 


95 




> 0.5 microns 


2.50E+08 


2.70E+08 


8 


2.60E+08 


4 

















Example 6: Surface modified organic pigments and ink-jet inks with different 
treatment levels 

5 In this example all three pigments were prepared according to the procedures 

described in Example 2, with the exceptions that three different treatment levels were 
used. All three dispersions showed good to fair stability over the accelerating aging 
test. The data clearly demonstrated that the present invention was able to control the 
number of functional groups attached to the colored pigment's surface, by varying the 
10 amount of treating agents used. Also, as can be seen from Table 5, as treatment level 
decreased, both yield and sodium level decreased. 
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Table 5: 



rTOpemes 


rigment o. 1 


rigment 0.2 


Pigment 6.3 


LjiarTing rigmeni 




T)D 1 C*A 


PB 15:4 


i reaiing /\geni 


p- Amino- 
□enzoic acia 


p- Amino- 
benzoic acid 


p- Amino- 
benzoic acid 


irCallllCIlL J-fCVCl 


Z.0 mOl/Kg 


i.j moi/Kg 


0.65 mol/kg 


Sodium Level of 
dispersion 


8500 nnm 


5000 nnm 


Ppui 


Mean volume particle size 


80 nm 


84 nm 


89 nm 


Yield 


70% 


50% 


36% 


Properties of Ink 








OD 


0.91 


0.99 


1.0 


WF 


10 minutes 


10 minutes 


< 10 minutes 


L* 


57.6 


54.0 


54.0 


a* 


-23.3 


-22.5 


-21.8 


b* 


-31.6 


-33.4 


-33.0 



Example 7: Surface modified organic pigments and ink-jet inks with different 
counter ions 

5 In this example, three different organic color pigments (PB 15:4, PR 122, and 

PY 74) were surface modified according to the procedures described in Example 2. 
Sodium ions in those dispersions were exchanged as pigment dispersions passing 
through a column packed with potassium or ammonia activated ion exchange resin 
(Dowex available from Aldrich Chemical, Milwaukee, WI.) Table 6 demonstrated 

10 that ion exchange process effectively exchanged all the sodium ions to potassium 
ions. Since all three type of pigments were treated with the same treatment level, the 
sulfur number indicated the attachment level varied with pigment. This difference in 
attachment efficiency is attributed to the inherently different molecular structure of the 
pigments and the available surface area that were accessible for treatment. Table 7 

15 shows that ion exchange process can be used to exchange one type of ion to other ions 
in order to enhance certain properties, eg., waterfastness and optical density. 



Table 6: 





Before Ion- 
Exchange (u-mol/g) 


After Ion- 
Exchange (utnol / q) 


Surface modified 
Pigment 


Na 


K 


S 


Na 


K 


S 


PB 15:4 


391 


2 


406 


4 


385 


344 


PR 122 


174 


1 


131 


5 


146 


156 


PY74 


110 


<1 


106 


1 


105 


103 
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Table 7: 



Properties 


Pigment 7.1 


Pigment 7.2 


Starting Pigment 


PB 15:4 


PB 15:4 


Treating Agent 


p- Amino-benzoic 
acid 


p- Amino- 
benzoic acid 


Counter Ions 


Na 


NH, 


Properties of Ink 






OD 


0.91 


0.99 


WF 


10 minutes 


5 minutes 


L* 


57.6 


55.0 


a* 


-23.3 


-23.3 


b* 


-31.6 


-32.8 









Example 8: Surface modified color pigments with dual treating agents 

5 The diazonium salt of 3,5-bis(trifluoromethyl)aniline (BTFMA) (available 

from Aldrich Chemical, Milwaukee, WI) was prepared by adding 2.18 g of BTFMA 
to 13.0 g of concentrated sulfuric acid (available from Aldrich Chemical, Milwaukee, 
WI ) containing 0.655 g sodium nitrite over a 30 minute period at 40° C. The 
preformed diazonium mixture was added over a 15 minute period to 500 g of 9.4% 

10 pigment dispersion (PB 15:4) prepared in Example 2. The reaction mixture was 
maintained at 60° C for 3 hrs. The product was then filtered, pH adjusted, ultrafiltered, 
polished filtered and dried down. The dried pigment was then Soxhlet extracted with 
THF for two days and subsequently analyzed for % F. The % F of the final product 
was 1.1 %. Table 8 shows the physical properties of the aqueous dispersion made in 

1 5 this example. 



Table 8: 





Pigment 8.1 


Pigment Type 


PB15:4 


Treatment Type 


PABA/BTFMA 


% solids 


11 


Surface Tension 
(dynes/cm) 


61 


pH 


7.3 


Viscosity (cP) 


2.09 


Mean Particle Size 
(microns) 


0.087 
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Example 9: Organic pigment and ink-jet ink modified with dye molecules 

In this example direct blue 71 (a blue dye available from Aldrich Chemical, 
Milwaukee, WI) was used to modified pigment blue 15:4 in accordance with the 
5 procedures described in Example 2. The dispersion was then formulated into ink jet 
ink and the printing properties were obtained. It was obvious from Table 9 that 
attaching dye molecules can vary the color space of pigments. Obviously, one can 
achieved similar results by mixing pigments with dyes. However, the present 
invention can provide improved properties, e.g. formulation flexibility to the end 
10 users. 



Table 9: 



Properties 


Pigment 9.1 


Pigment 9.2 


Pigment 9.3 


Properties of Dispersion 








Starting Pigment 


PB 15:4 


PB 15:4 


Direct Blue Dye 


Treating Agent 


Direct Blue 71 


p- Amino- 
benzoic acid 




Mean Particle Size 


210nm 


80 nm 




Yield 




50% 




Properties of Ink 








OD 


0.90 


0.91 


0.83 


WF 


> 1 hour 


10 minutes 




L* 


43.4 


57.6 


43.0 


a* 


-5.5 


-23.3 


11.7 


b* 


-33.4 


-31.6 


-15.0 



Example 10: Ink-Jet Inks prepared from surface modified pigment with different 
15 purity levels 

In this example, a surface modified organic pigment was prepared according to 
the procedures in Example 2. Two samples were obtained during the ultra-filtration 
step, one was after ten volumes and the other was after 20 volumes of filtration. The 
impurity level did impact the printing properties of those pigment dispersions. For 
2 0 example, OD, WF, and color were all improved when impurities were removed. 
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Table 10: 



Properties 


Pigment 10.1 


Pigment 10.2 


■Starting Figment 


rB 15:4 


PB 15:4 


1 reating Agent 


p-Amino-benzoic acid 


p-Amino-benzoic 
acid 


Dia-filtration 
Volume 


10 


20 


Properties of Ink 






OD 


0.94 


1.00 


WF 


60 minutes 


10 minutes 


L* 


55.2 


54.6 


a* 


-24.5 


-18.7 


b* 


-26.6 


-34.9 









Example 11: Compatibility of surface modified colored pigments with an organic 
solvent 

5 The pigments described in example 5 were used to prepare solutions that 

contained 5 % pigment, 10 % 2-pyrrolidone and 85 % DI water. These samples were 
then subjected to elevated temperature of 70° C over a period of two weeks as shown 
in Table 11. In addition these samples were also subjected to a freeze/thaw cycles as 
shown in Table 12. The particle sizes of the colored pigment were substantially 
10 unchanged following these tests. (Particle sizes were expressed in micron-meter.) 
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Table 11: 



De^crintion 


UPA 


Tnitinl 
11111101 


1 VJeeXc 

1 VV CCK 


/0 VsIlailgC 


7 WppV 


/o v-nange 


Pigment 5 1 


MV 


0 0879 


0 0R48 


-4 


U.Uo'rO 






50% 

-/V/ / 0 


0 0805 


0 0764 


c 
•J 




-0 




1 00% 


0 24^1 




K) 


n 7so 


1 0 




> 1 0 mirrnnQ 


1 30F+07 


1 . D Kid ' \J 1 




1 .DUE- ' V 1 






> 0 5 microns 


9 90E+07 

y ' y \j J— < iv/ 


1 10F+08 


1 1 

1 1 




41 


Pigment 5 2 
















MV 

IV J. V 


0 1724 

V. 1 / ZH 




D 


fl 1 71 8 
V. I 1 1 0 


A 
U 




50% 


0.1691 


0.1721 


2 


0.1591 


-6 




100% 


0.4088 


0.4861 


19 


0.5781 


41 




> 1 .0 microns 


1.30E+07 


1.90E+07 


46 


1.30E+07 


0 




> 0.5 microns 


2.20E+08 


1.90E+08 


-14 


2.50E+08 


14 


Pigment 5.3 
















MV 


0.1146 


0.1069 


-7 


0.1102 


-4 




50% 


.... 0.1088 


0.0964 


-11 


0.1045 


-4 




100% 


0.2891 


0.3437 


19 


0.2891 


0 




> 1 .0 microns 


1.10E+07 


1.40E+07 


27 


1.20E+07 


9 




> 0.5 microns 


2.60E+08 


2.70E+08 


4 


3.60E+08 


38 



Table 12: 



Description 


UPA 


Initial 


1st Cycle 


% Change 


2nd Cycle 


% Change 


Pigment 5.1 
















MV 


0.0879 


0.0863 


-2 


0.0843 


-4 




50% 


0.0805 


0.079 


-2 


0.0784 


-3 




100% 


0.2431 


0.2044 


-16 


0.2431 


0 


Pigment 5.2 
















MV 


0,1724 


0.1715 


-1 


0.1687 


-2 




50% 


0.1691 


0.1695 


0 


0.1508 


-11 




100% 


0.4088 


0.4088 


0 


0.4088 


0 


Pigment 5.3 
















MV 


0.1146 


0.0998 


-13 


0.1117 


-3 




50% 


0.1088 


0.1032 


-5 


0.1025 


-6 




100% 


0.2891 


0.2431 


-16 


0.2891 


0 



5 Example 12: Surface modified organic pigment dispersions and ink-jet inks with 
the mixture of two surface modified pigments 

Pigment 12.1 was prepared in an analogous way to Pigment 5.1. Pigment 12.2 
was prepared according to the procedure described in Example 1. Generic inks were 
made from Pigments 12.1 and 12.2. Print properties of the inks were compiled in 
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Table 13. Pigment 12.3 was a 1:1 mixture of the inks of Pigment 12.1 and Pigment 
12.2. Color space of the mixed pigment (Pigment 12.3) was a combination of the 
individual pigment color properties (Pigment 12.1 and 12.2). 

5 Table 13: 





Pigment 12.1 


Pigment 12.2 


Pigment 12.3 


Pigment Type 


PB15:4 


PB60 


Mixture 50/50 


Treatment Type 


PABA 


Sulfanilic Acid 




Reactor 


Processall 


Microfluidizer 




Mean volume Particle 
Size (microns) 


0.085 


0.033 




OD 


0.94 


0.9 


0.93 


L 


55 


47.2 


49.4 


A* 


-24.5 


2.5 


-7.6 


B* 


-26.6 


-29.1 


-31.6 



Example 13: Ion Exchange process can effectively remove soluble di valent ions. 

The presence of di-valant ions, e.g. calcium, iron, magnesium, in the pigment 
dispersion was not favorable for some applications. Some of those ions came with 

1 0 pigment and some of them may have been introduced by the present invention. Since 
the present invention made pigment dispersible in water, soluble portions all those 
ions (some might be embedded in the crystal structure) can be removed effectively by 
ion-exchange process. In this example, a surface modified pigment prepared 
according to the procedures in Example 2 was ion exchanged according to example 7. 

15 The ion percentage before and after ion exchange was illustrated in Table 14. The 
following table clearly illustrated the above points. 



Table 14: 



Di- valance Ions 


Pigment 13.1 


Pigment 13.2 






Na ion exchanged of 
pigment 13.1 


% Calcium 


940 ppm 


< 80 ppm 


% Iron 


130 ppm 


< 80 ppm 


% Magnesium 


280 ppm 


< 80 ppm 
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Example 14: LF properties of surface modified organic pigments 

One of the more important properties of organic pigments is lightfastness. 
This example shows that the present invention did not alter that property. In this 
example, pigment 14.1 (PB 15:4) was prepared according to the method in Example 2, 
5 and pigment 14.2 (PR 122) was prepared in Example 1. These pigment dispersions 
were then formulated into ink-jet inks. Prints from those inks were then exposed to 
UV light for three weeks. The color difference between prints prior and after the 
exposure was compared and tabulated in Table 15. As can be seen the lightfastness 
properties of the original pigments have not been changed. 

10 

Table 15: 





Pigment 14.1 


Pigment 14.2 




PB 15:4 


PR 122 


OD (Before/after) 


0.94/0.98 


0.96/0.93 


L (Before/after) 


55.2/56.7 


54.2/55.7 


a* (before/after) 


-24.5/-25.5 


44.0/40.4 


b* (before/after) 


-26.6/-25.4 


-11.6/-5.3 


<E*ab 


2.2 


7.5 



Example 15: No dyelike molecules in pigment dispersion products 

When enough soluble groups, for example, benzenesulfonic acid groups, 
15 attach to a surface pigment molecule, the molecule can be converted into a soluble 
substance that will dissolved into media as a dye-like molecule. Media soluble small 
molecules or aggregates were not observed during ultra-filtration or dialysis. When 
the surface modified pigments in Example 5 were dialyzed using 50,000 molecular 
weight cut-off membranes (Spectra/Por, available from VWR, Willard, OH), no 
20 colored substance leaked out. It was concluded that the color properties of those 
dispersions came only from surface modified pigment particles and that there are no 
dye-like molecules present in the products. 

Example 16: Other Modified Colored Pigments 

2 5 Table 16 shows physical property data of aqueous dispersion of sulfanilic acid 

surface modified colored pigments of PV19 (available from Sun Chemical, 
Cincinnati, OH) , PR254 (available from Ciba Chemical, Newport, DE) and PY151 
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(available from Clariant, Coventry, RI). These treatments were treated in a similar 
manner to that described in Example 1. All those pigment dispersions showed good 
stability characteristic over two weeks of accelerating aging test. Clearly, the present 
invention is broadly applicable and covers a wide range of pigment classes. 

5 

Table 16: 





Pigment 15.1 


Pigment 15.2 


Pigment 15.3 


Pigment Type 


V19 


PR254 


PY151 


Treatment Type 


Sulfanilic Acid 


Sulfanilic Acid 


Sulfanilic Acid 


Reactor 


High pressure 
homogenizer 


High pressure 
homogenizer 


High pressure 
homosenizer 


Particle Size (microns) 


0.159 


0.182 


0.122 



The foregoing description of preferred embodiments of the present invention has 
been presented for purposes of illustration and description. It is not intended to be 

10 exhaustive or to limit the present invention to the precise form disclosed, and 
modifications and variations are possible in light of the above teachings, or may be 
acquired from practice of the present invention. The embodiments were chosen and 
described in order to explain, the principles of the invention and its practical application 
to enable one skilled in the art to utilize the present invention in various embodiments 

15 and with various modifications as are suited to the particular use contemplated. It is 
intended that the scope of the present invention be defined by the claims appended 
hereto, and their equivalents. 
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WHAT IS CLAIMED IS: 

1 . An ink jet ink comprising a) at least one liquid vehicle and b) colored pigments 
comprising at least one of the following characteristics: 

5 a) a particle size distribution of from about 1 0 nm to about 300 nm; 

b) an accusizer number of less than 10 !0 particles/ml of dispersion at 15% 
solids which are greater than 0.5 micron; 

c) a filterability such that when in a liquid medium, 100 ml and 10% solids 
of the colored pigment filters through a 3 micron nylon absolute filter; 

10 d) a colored pigment purity of greater than about 80%, based on extractable 

material; and/or 

e) a stability such that the above-described properties do not change by 
more than 50 % at 25 degrees C for one week; 

wherein each of the characteristics is based on colored pigments in an 
15 aqueous or non-aqueous media having no added external dispersant present, and 
wherein the colored pigment is a pigment other than carbon black. 

2. The ink jet ink of claim 1, wherein said colored pigments have attached at least 
one organic group. 

3. The ink jet ink of claim 1, wherein said colored pigment is a blue, brown, cyan, 

2 0 green, violet, magenta, red, orange, or yellow pigment or mixtures thereof. 

4. Colored pigments comprising at least one of the following characteristics: 

a) a particle size distribution of from about 1 0 nm to about 300 nm; 

b) an accusizer number of less than 10 10 particles/ml of dispereion at 15% 
solids which are greater than 0.5 micron; 

25 c) a filterability such that when in a liquid medium, 100 ml and 10% solids 

of the colored pigment filters through a 3 micron nylon absolute filter; 

d) a colored pigment purity of greater than about 80%, based on extractable 
material; and/or 

e) a stability such that the above-described properties do not change by 

3 0 more than 50 % at 25 degrees C for one week; 



SUBSTITUTE SHEET (RULE 26) 



yyuui jwm jnnp ,//o a d i it >/ ici Login, aog /»t oa.wator o p i/retcn/vvu u ^u^itf .cp cfTrom oacne=i pan =mainiooiD ar=ix)nor nj 



WO 01/30919 



PCT/US00/29883 



rage 4a ot 00 



48 

wherein each of the characteristics is based on colored pigments in an 
aqueous or non-aqueous media having no added external dispersant present, and 
wherein the colored pigment is a pigment other than carbon black. 

5. The colored pigments of claim 4, wherein said colored pigments have attached at 
5 least one organic group. 

6. The colored pigments of claim 4, wherein said organic group comprises a) at 
least one aromatic group, at least one C,-C 20 alkyl group, or mixtures thereof. 

7. The colored pigments of claim 6, wherein said organic group further comprises 
at least one ionic group, ionizable group, nonionic group, or mixtures thereof. 

10 8. The colored pigments of claim 1, wherein said colored pigment is a blue, brown, 
cyan, green, violet, magenta, red, orange, or yellow pigment or mixtures thereof. 

9. The colored pigments of claim 7, wherein said organic group further comprising 
at least one ionic group and at least one counterionic group. 

10. The colored pigments of claim 9, wherein said counterionic group comprises at 
15 least one dye. 

11. A process for preparing surface-modified colored pigments comprising 
combining at least one treating agent and at least one type of colored pigment(s) in a 
container to form a mixture and subjecting the mixture to high shearing and introducing 
at least one diazotizing agent to the mixture at least for a portion of time while the high 

2 0 shearing is taking place such that a reaction product is formed and contains surface- 
modifed colored pigment(s). 

12. The process of claim 11, wherein at least one dizaotizing agent is added 
continuously while the high shearing is taking place. 

13. The process of claim 11, wherein said diazotizable agent has an organic group 
25 comprising: a) at least one aromatic group or at least one C r C 20 alkyl group, and b) at 

least one ionic group, ionizable group, nonionic group, or mixtures thereof. 

14. The process of claim 11, wherein said nitrite is ammonium nitrite, butyl nitrite, 
dicyclohexylammonium nitrite, ethylnitrite, isoamylnitrite, lithium nitrite, sodium 
nitrite, potassium nitrite, zinc nitrite, or mixtures thereof. 
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